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acquaint the Public, that 1 it fully: appears, as well from the _ Ot 


ſel ves any further in their publication, than by occaſionally recommending ; 
the revival of them to ſome of their Secretaries, when, from the particular 4 
circumſtances of their affairs, the Tranſafions had happened for any 
length of time to be intermitted. And this ſeems principally to have 
been done with a view to ſatisfy the Public, that their uſual meetings 
were then coptmucd for the improvement of knowledge, and benefit of 


munieations more numerous, it Was thought adviſable, that A Committee 
of their members ſhoulhe appointed xc to reconſider the papers read be- 


per for publication in the future Panſactions; which was accordingly - 
done upon the 26th of March 1752. And the grounds of their choice 


N - 
ff " 
e - 


ww 


A DV E R T I 8 E M E N Te 


lication of the Philoſ phical Tranſactions, take this opportunity to 


how — 4 in i ſeveral former Tranſaftions, Sa the printing of them was 
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always, from time to time, the ſingle act of the reſpective Secretaries, till 
the Forty: ſeventh Volume: the Society, as a Body, never intereſting them- 


mankind, the great ends of their firſt inſtitution by the Royal Charters, = 


and which they have ever ſince ſteadily purſued. 
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But the Society being of late years greatly inlarged, and their com- bb 


fore them, and ſele& out of them ſuch, as they ſhould judge moſt pro- 


are, and will continue t6 be, the importance and ſingularity of the ſub- 

jets, or the advantageous manner of treating them; without pœętending 
to anſwer for the certainty of the facts, or propriety of the reaſonings 
contained in the ſeveral papers ſo publiſhed, which muſt ſtill reſt on the a 
Credit or Judgment of their reſpective authors. | 
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It is likewiſe coy. on "Ibis * to remark, that ie is an ela- 


bliſhed rule of the Society, to which they will. always adhere, never to 


give their opinion, as a Body, upon any ſubject, either of Nature or Art, 
that comes before them. 


| quently propoſed from the chair, to-be given to the authors of ſuch pa- 


And therefore the thanks, which are fre- 


pers as are read at their accuſtomed meetings, or to the perſons through 


whoſe hands they receive them, are to be conſidered in no other light 
than as a matter of civility, in return for the xefpe&t ſhewn to the Society 


by thoſe communications. The like alſo is to be ſaid with regard to 
the ſeveral projects, inventions, and curioſities of various kinds, which 
are often exhibited to the Society; > the authors whereof, or thoſe Who 


exhibit them, frequently take the liberty 1 to report, and even to certify 
in the public news- papers, that they have met with the higheſt applauſe 


and approbation. And therefore it is hoped, that no regard will here- 
after be paid to ſuch reports,: and public c notices ; which in ſome inſtances: 
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1 07 the Methods of mani oh abs: the Preſence, ind \ ofcertaining: 


the Quality, of - ſmall Quantities of Natural or Art ificial © 
Eleftricity. By Mr. Tiberius Cavallo, F. R. S. Page 1 


H. The Croonian- Lecture on A Metion.. By 0 For- 
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Iv. FrrcorFic EXPERIMENTS ON: THE MECHANICAL Ex- 
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communicated oy the Right Honourable Charles Grev ale... 
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V. Some Obſervations on the Heat if Wells and Springs in the 
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I, OF the: Methods F manifeſling the Preſence, and aſcertaining 
the Quality, of ſmall Quantities of Natural or Artificial 
2 25 Mr. Tiberius Cavallo, F. R. S. 


The Lecture founded by the late Hznav Baxzn, Eſq. F. R. S. 


Read November 15, 1787. 


"HE perſevering induſtry of many ingenious perſons in 
the philoſophical world, fince the beginning of the 


2 century, ns gradually, and with rapid ſucceſs, exa- 


. the effects, aſcertained the properties, and inveſtigated 
B 1 


Vor. LXX VIII, 
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2 Mw: — „ „ 
the laws: of a ſcience almoſtentirely unknown before. Various 
wonderful pbænomena of nature have been explained, means 
have been diſcovered of avoiding ſome of their dangerous 
effects, and a greater inſight into the general operations of 
nature has been derived, from the knowledge of ſo great and 
ſo extenſive a power as is commonly underſtood under the 
name of elefricity ; yet, if inſtead of contemplating its more 
ſtriking phznomena, vig. thoſe which are apt to ſurpriſe more 
by the magnitude of their effects, than by the inſtruction 
which they may afford, we endeavour to examine the ſubject 
more cloſely, we ſhall find that our knowledge of electricity 

goes very little, if at all, beyond the ſuperficial part of it. 

We know, for inſtance, that a piece of glaſs, or other electric, 

when rubbed, will produce that power which we call electri- 
city, that the glaſs will communicate the acquired electricity 
to a piece of metal, that the. piece. of metal will retain that 
power in certain circumſtances, and ſo on; but no perſon has 


ſhewn how that power is generated by the friction, or what 
prevents its paſſage through the ſubſtance of ſome particular 


bodies. It has been aſcertained, that the air of moſt coun- 
tries, and probably of the whole world, as well as the elouds, 
_fogs, rains, &c. are almoſt always electrified; but we are 
ignorant of the office which this electricity can have in the 
great laboratory of nature: for ſurely ſo general and fo actiye 


a power can hardly be intended by nature, merely to intimi-. 


date mankind now and chen with the thunder and the light- 
hers 4 | 

It- appears, therefore, that thoſe * who are now 
willing to diſtinguiſh themſelves -in this intereſting branch of 
natural philoſophy, ought: to examine the electrical power not 


fo much in its accumulated, as in its incipient ſtate, Its firſt 
5 3 origin, 
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origin, or very- beginning, ought to be inveſtigated, it being 
| afterwards very eaſy to underſtand its increaſe ;' for we may 
eafily comprehend, how a great quantity of it may be accu- 
mulated from the - often 3 additions of its __ 


3 
This truth mg been underſtood by t Philosophie 
per Bs has induced them to contrive inſtruments neceſſary 
for the purpoſe, aud to make numerous obſervations, which 
have undoubtedly promoted the knowledge of the ſubject; but 
g great deal ſtill remains to be done, before we can attain to 
the knowledge of the object in view, viz. of the real nature, 
of the firſt origin, and of the general uſe of electricity. The 
inſtruments hitherto invented are ſtill inadequate to the pur- 
1 and the kno an "methods of operating are not free from 
conſiderable objections. To examine the peculiar conſtrue- 
tions, intended uſes, properties, and defects, of thoſe inſtru- 
| ments, as well as methods of performing the experiments, is 
the principal object of the preſent Lecture, which I have the 
honour of delivering to this learned Society, and which may, 
perhaps; be of uſe to other - experimenters in this branch of 
philoſophy ; ſince what i is mentioned in the following pages is 
the refult of long experience, and of conſideration. Of expe- 
rience, which has often contradicted the ſanguine expectations 
of a pre-conceived theory; and of conſideration, which has 
frequently demonſtrated the abſurdity or inſufficieney of 
ſchemes which, at firſt ſight, ſeemed very eaſy and plauſible. 
The late Mr.- Joux CAN rox was, as far as I know, the 
firſt perſon who conſtructed an electrometer, or inſtrument 
capable of ſhewing the preſence of what was then conſidered 
as a ſmall quantity of electricity. This inſtrument confiſted 
* two ſmall balls of * of elder or of cork, faſtened to the 


B 2 two 


N which was formed into a x loop, which moved. 45 ring of 


the Earacaote Obfrnntione on 
two. extremities of a linen thread, the middle of which: was 
faſtened to an oblong wooden box, i in which the thread and 
balls were kept, when not actually i in uſe. It was with fuck 
An inſtrument that Mr. CanTox.. himſelf, | Father Brecanis, 
and others, aſcertained the electricity generally exiſting in, the 
air; and that Mr. Rox AE diſcovered - the conſtant electricity 
of fogs. But in the caurſe of my experiments, having made 
frequent uſe of ſuch electrometers, it naturally occurred to 
me, that in ſeveral caſes, when the electrometer gave no lgns 
of electricity, or at leaſt not ſufficient to aſcertain its quality, 
the cauſe of it was the, reſpeRively large ſize. of the inſtru- 
ment; for a ſmall quantity of electricity being fuld through 
the box, thread, and balls of the ele&rometer, had not power 
ſufficient to ſeparate the balls, and of courſe to ſhew i its pre- 
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ſence. In conſequence . of this, I e the ſize of the 


electrometers to ſuch a degree as could affected by leis than 
the tenth part of that quantity of — # ny which was ne⸗ 

ceſſary to affect Mr. Caxxrex's Terre, But. in making 
the electrometers very ſhort, the ſtiffne which 
had been inſignificant in a great extent, NR very, con- 
ſiderable; hence, inſtead of faſtening the balls to the twojexs 
tremities of one piece of thread, found it heceſlary to ſuſ⸗ 
pend each ball by a ſeparate piece of thread, the: upper part 


braſs "©; SR afinomeb Ai 
The — 5 REY Si me. were ü ſubject to a 
very great imperfection, which, was the dyilting of the threads ; 
to avoid which I ſubſtituted fine ſilver; wire, inſtead of linen 
threads, which anſwered. very. well. However, in obſerving 
the electricity of the atmoſphere, thoſe electrometers f appeared 
to labour under a conſiderable inconvenience, Which was their 
4 . bein g 


» FIN , 
41 p « * * 2 * t% * 9 
r * * 
* 


7 N 


| fault Quantities of Bhfviig. og 
'beiog: diſturbed by the wind; for it. frequently happened, that 
neither the exiſtence, nor the quality, of the electricity could 
he aſcertained on account of the wind agitating | the inſtrument, 
and becauſe; the electricity being in ſmall quantity would not 
remain on the electrometer a time ſufficient to bring 'the inſtru⸗ 
ment within doors, where it might be examined without any 
obſtruction. In order to remove this imperfection, I incloſed _ 
the eloctrometer in a bottle, as it is deſcribed i in the Philo- 2 
ſophical Tranſaction 85 Vol. LXX. which conſtruQion has been 1 
found te anſwer remarkably well. 6 

This bottle electrometer has bow fince altered Ip various 
perſons; 3, though, in my opinion, khoſe alterations do not tend t to- 
improve ĩt altogether. M. vn SAUSSURE, by altering, the ſhape of 
the bottle, and depriving itof a neck, has rendered it capable of 


eee the communicated electricity only for 2, very ſhort: 


my. aciginal. plane. ham retained the communi dect 2 
| for. more than four hours. 43>: x . — 
; es this, M. vs Savuyas.. as py as * 0 make 
theſe. elefrometers for ſale, have ſuhſfituted pith balls, nſtead 

of the conical corks of the original Plan, the latter of which 

are . preferable far two reaſons; 3. vi, firſt, becauſe: the balls, of 

pith are apt to adhere to each, other, fo that on communicating 

the electricity they often do not ſhew any repulſion at all; or 

if the communicated electricity be confiderably. great; the pith 
balls, afteradhering to each other for ſome. time, are at laſt ſepa- 

rated with violence, ſo as to- fly to the ſides "of the bottle, which 
fruſtrates the experiment; : whereas the corks are not near bo 
ſubject to this inconvenience; and, ſecondly, becauſe the - CON I- 


£00 ſhape renders thoſe corks capable of preſenting | a Touch 
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greater > 


= the whole, it may be conſidered as a very good improvement. 
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greater ſu rface to each other, than if they were 'Hobulat, 
their weights being the ſame in both caſes; for it is very well 
known, that, of all che ſolid figures, the ſphere contains the 
greateſt capacity under the leaſt ſurface; and as the effects of 
electricity, i in thoſe caſes, is proportionate to the ſurface, and 
dot to the quantity of matter, it follows, way the conical 
ſhape f is preferable to the globular. 9 | 
Another alteration of the bottle electrometer was lately made 
by the Rev. Mr. BxNNET, and is deſcribed in the Philoſophical 
Tranſactions, Vol. LXXVI. Part 1 conſiſts principally in 
NH ubſtituting two flips of gold-leaf | to the corks ſuſpended by 
wires. This alteration has ſome peculiar advantages and diſad- 
vantages. Its advantages are in general a greater degree of 
ſenhbility, and a more eaſy conſtruction. Its diſadvantages | 
are, firſt, chat the inſtrument is not portable; and, fecondly, 
that even when not carried about, it is apt to be ſpoiled very 
| eafily. However, i in ſome caſes it is very uſeful, ſo that, upon 


As the faſtening of the flips of gold-leaf to this eleftrome- 

. ter, and to let them hang parallel, is rather difficult, it Will 
not be 1 improper to deſcribe 2 a method which I have contrived, in 
order to accompliſh it more eaſily. When the "flips are cut, 
and are lying upon paper or leather, T make them equal in 
length, by meaſuring them with a pair of compaſſes, and cut- 
ting off a portion from the longeſt: then cut two bits of 
very fine paper, each about half an inch long, and a quarter 
of an inch broad, and ſtick one of them, by means of a little 
wax, which is rybbed upon them, to one extremity of each ſlip of 
gold-leaf, ſo as to form a kind of letter T. This done, I hold 
up, in the fingers of one hand, one piece of paper, with the gold 
leaf ſuſpended to * and hold the other with the other hand; 
then 
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them properly, fo that the ſlips may hang parallel and ſmooth, 


I force the pieces of paper, which now touch each other, be- 


tween the two ſides of a ſort of pincers made of braſs wire, 
which are faſtened to the under part of that piece which 
forms the top of the electrometer: and, in order to change 


thoſe ſlips when ſpoiled, 1 keep in a book ſeveral ſlips of gold- 


leaf ready cut, and furniſhed each with a piece of paper; = 
that by this means this electrometer i is rendered, in a certain 


manner, portable. 


7 
then bring them near to each other, and after having adjuſted 


Beſides the way of. aſcertaining ſmall quantities of electri- 
city, by means of very delicate electrometers, two methods 


have been communicated to the philoſophical world, by which 


ſiuch quantities of electrieity may be rendered manifeſt, as 


could not be perceived by other means. The firſt of thoſe 


being called the Condenſer of Electricity, and is deſcribed i in the 


: Philoſophieal TranſaQions, Vol. LXXII. The ſecond i is a con- 
trivance of the above - mentioned Mr. Bx xNRr, who calls the 
apparatus The Doubler of. Electricity. A deſcription of it 10 


inſerted in the Philoſophical Tranſactions, Vol. LXXVII. 


plate, furniſhed with an inſulating handle, and a ſemi-con- 


| duQung, or imperfectly inſulating, plane. When one wiſhes to 
examine a weak electricity with this apparatus, as that of the 


air in calm and hot weather, which is not generally ſenſible to 


an electrometer, he muſt place the above-mentioned plate upon 


the ſemi · conducting plane, and a wire, or ſome other con- 
| ducting ſubſtance, muſt be connected with the metal plate. 
and muſt be extended in the open air, ſo as to abſorb its elec- 


tricity; then, after à certain time, the metal plate muſt be 


ſe parated 


, 


5 methods 1 1s an invention of M. VoLTa, the apparatus for it 


M. VoLTA' s condenfer confiſts of a flat and ſmooth 3 


* 
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| ſeparated fromm the ſemi-· conducting plane, and being preſented 
to an electrometer will electrify it much more than if i it had . " 
not been placed upon the above-mentioned plane. Fan 
Tbe principle on which the action of this apparatus depends 
I s, that the metal plate, whilft ſtanding contiguous to the 
femi-conduQting plane, will both abſorb and retain a much 
greater quantity of electricity than it can either abſorb or 
© retain when ſeparate; its capacity being increaſed i in the former, | 
= and diminiſhed in the latter caſe. FR. 
| | Whoever conſiders this apparatus, will eafily find, that its 
6ffice i is not to manifeſt a ſmall quantity of electricity, but 
to condenſe an expanded quantity of electricity into a ſmall 
ſpace; ; hence, if by means of this apparatus one expected to 
render more manifeſt than it generally ; is, when communicated | 
immedi ately to an electrometer, the electricity of a ſmall tour- 
malin, or of a hair When rubbed, he would find bimſelf 
Y miſtaken. ö 1 
5 It is Mr. Bennet”: s doubler that was intended to W 
that end; vir. to multiply, by repeated doubling, a ſmall, and 
1 otherwiſe unperceivable, quantity of electricity, till it became 
ſufficient to affect an electrometer, to give ſparks, &c. The 
merit of this invention is certainly confiderable ; but the u uſe of 
it is far from preciſe and certain. „ = 
© This apparatus conſiſts of three braſs FA which we tant: 
"© call A, B, and C; each of which is about three or four inches 
in giattiztet, The firſt plate A is placed upon the gold-leaf 
electrometer, or it may be ſupported horizontally by any other 
infulating ſtand, and its upper part only is thinly varniſhed. 
'The ſecond plate B is varniſhed on both ſides, and is furniſhed 
with an inſulating handle, which is faſtened laterally to the 
edge of it. The third plate C is e on the under fide 
only, 


5 
9 
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plwkw⸗ate C is now laid upon B, and its upper ſurface is touched, 


d al Vedi 5 rlerbig, N +7. 
ably; and is furniſhed with an e n Wale, i e 8 
pendicular to its upper ſurface; "2 | 3 

- This apparatus is uſed in the illoGing i manner. 15 "plate: 
B being laid upon the plate A, the ſmall quantity of electricity, 
which is retjuired to be multiplied, is communicated to the 
vnder part of the plate A, and at the ſame time the upper part of 
B is touched with a finger; then the finger is firſt removed; 
the plate ] B is afterwards removed from over the plate A. N 


a ſhort time, with a anger. By this operation it is clear, 2 A 
the electricity communicated to the plate A ĩs poſitive, the plate 
B muſt have acquired a negative electricity, and the plate C muſt 
have acquired the poſitive, viz. the ſame of the plate A. Now. 
the plate B, being ſeparated from C, is laid as before upon A ; 
the edge of C is brought into contact with the under part of 
the plate A, and at the ſame time the upper part of B is 
touched with a finger, by which means the plate B, being 
acted u pon by the atmoſpheres of both the plates A and C,. 
will acquire nearly twice as much electricity as it did the firſt 
time, and of courſe will render the plate C, when that is laid 
upon it, proportionably more electrified than before: thus, by 
repeating this operation, the cleftricaty may be increaſed to any 
required degree. 8 
The varniſh on thoſe ſurfaces of the plates which are to fie 
: contiguous to each other ſeryes to prevent the metal of one 
touching the metal of the other; for in that caſe, inſtead of 
one plate cauſing a contrary electricity in the other, the elec- 
tricity of the firſt would be gradually communicated to the 
others, and would be diſſipated. N 

As ſoon as I underſtood the principle of this contrivance, 1 
haſtened to conſtruct ſuch an apparatus, in order to try ſeveral 

VorL, LXXVIII. = expe» 


= . N 1 0 * & 7 
1 1 1 nn 3. A. edt £4 6 * . KA 1 | TY * „ REY \ 
, 7 8 18 g ae 5 I SRP"; < FF 
A 2 * "Is #7 Ev 7 _* Tm, A * 4 - 
= n ? «| ds 4 * %* 8 * : 0 
7 * ha "A. „ 7 8 * * * * 4 l 517 11 . 
” as © 2 F * * " 4 * 8 
** e — 2 tx 1 FY 2 * 
L. L 9 v * 9 


10 rte ae 
| 33 « 4 very delitate nature, lpecially on animat- 
bodies and vegetables, which could not have beer attempted! 
before, for want of a method of aſcertaining exceedingly 
ſmall quantities of electricity; but, after a great deal of trou- 
ble, and many experiments, I was at laſt forced to conclude, 
that the doubler of electricity is not an inſtrument to be de- 
pended upon, for this principal reaſon; viz. becauſe it multi- 
plies not only the electricity which is willingly communi- 


cated to it from the ſubſtance in queſtion ; but it multiplies 


alſo that electricity which in the courſe of the operation is. 
almoſt unavoidably produced by accidental friction; or that 
quantity of electricity, however ſmall it may be, which ad- 
| heres to the plates in ſpite of every care and precaution. 
Having found, that with a doubler conſtructed in the above 
deſcribed manner, after doubling or multiplying twenty or 
thirty: times, it-always became ſtrongly electtified, though no 
electricity had been communicated to it before the operation, 
and though every endeavour of depriving i it of any adhering elec- . 
tricity had been praQtiſed ; I naturally attributed that electricity 
_ which appeared after repeatedly doubling, to ſome friction 
given to the varniſh of the plates in the courſe of the opera- 
tion. In order to avoid entirely this ſource of miſtake, or at 
leaſt of ſuſpicion, I conſtructed three plates without the leaſt 
varniſh, and which, of courſe, could not touch each other, 
but were to ſtand only within about one-eighth of an inch of 
each other. To effect this, each plate ſtood vertical, and was 
ſupported by two glaſs ſticks, which were covered with ſealing- 
wax: ſee Tab. I. fig. 1. and 2., where AB is a wooden pe- 
deſtal, 74 inches long, 24 broad, and 14 inch thick; C and D 
are the two glaſs ſticks cemented into the ſtand or pedeſtal AB, 
| and likewiſe into the piece of wood E, which is faſtened to the 


GE dock 
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a little before the plate, by which means, when two of 
thoſe plates are placed upon a table facing each other, the 


28 thoſe plates; the operation being effentially the ſame 
as when the plates:are conſtrufted according to Mr. BENNET's 
original plan, excepting that, inſtead of placing them one 
upon the otlier, mine are placed facing e 
5 performing. the operation they are laid hold of by the wooden 
ſtand AB; ſo that no friction can take place either upon the 
glaſs legs, or upon any varniſn; for theſe. plates have no need 
of being varniſhed. Sometimes, inſtead of. touching the plates 


fna na-, ee 


wooden ſtands will prevent their coming into actual contact, as 


W be clearly perceived in fig. $ | 
I need not deſcribe the manner of Aung 6s of ra; 


ch other; and in 8 


themſelves with the finger, I have fixed a piece of thin wire to 


the back of the plate, and have then applied the finger to the 
<xtremity of the wire, ſuſpecting that ſome friction and Gate 


electricity might poſſibly be produced when the bj 


applied 1 in full contact to the plate itſelf. 


It is evident, that as the plates do not come ſo near to cook 
ather i in this, as they do in the other conſtruction, the electri- 


- city of one of them cannot produce ſo great a quantity of the 
contrary electricity in the oppoſite plate; hence, in this con- 


ſtruction, it will be neceffary to continue the operation of 
doubling ſomewhat longer; but this diſadvantage is more than | 
repaid by the certainty of avoiding any friction. ; 
Having conſtrued thoſe plates, I thought that I ache nd 
ceed to. perform the intended experiments without any further 
obſtruction; but in this I found myſelf quite miſtaken : for, 
on trying to multiply with thoſe new plates, and when no 
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ane 


been . 
® found, that: alter! Toubling: ten, fiſtren, or cat mbſtdtwenty 
times) they became £6. full of electricity as to affond even 
ſpatks. All my endeauours to: daprive them of: electricity : 
proved ineffeftual. ' Neither expoſing: and eſpeciallythe 
glaſs ſticks, to the flame of 1 nor breathing upon 
them repeatedly, nat leaving them untouched for ſeveral days, 
and even for a whole month, during which time the Plates 
remained connected with the: ground by means; of good con 
ductors, nor any other precaution h cguld think o, was found 
capable of depriving them of every veſtige of electricity ſo that 
they might ſhew none after es * ne or at moſt 
bmi 220g 2433 052 nin rot : JA bas 
The electricity praduted by them was ante of the 
Sue fort z for ſometimes it was negative for two or three days 
| together z at other times it was poſitiye for two or three days 
more; and often it changed in every operation. This made me 
ſuſpect, that poſſibly the beginning of that electricity was de- 
aived:from my body, and being communicated y the finger to 
the plate that was firſt touched, was afterwards multiplied . In 
order to clear this ſuſpicion, Lactually tried thaſe plates at dif- 
fefbut times, via. before and after having walked a great deal, 
befdue and after dinner, &c. noting very accurately the quality 
_ ofthe electricity produced each time; but the effects ſeemed to 
be quite unconirected with the above-mentioned concomitatit 
circumſtances, which independence was further confirmed by 
obſerving that the electricity ptoduced by the plates was of a 
fluctuating nature, even when, inſtead of touching the plates 
with the finger, they had beeii touched with a wire, which 


was connected with the ground, and which 1 „ by 
means s of an inſulating handle. 
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of that ſort with which they had been laſt electrified and 
of which it! was almoſt impoſſible to deprive them. The va- 
rious quality of the electricity produced was owing to this, 
vis. that as one of thoſe plates was poſſeſſed of a ſmall quan- 


tity, of poſitive electricity, aud another was poſſeſſed of the 
negative electricity, that plate which happened to be the moſt: 


powerful, occafioned a contrary electricity in the other plate, 
and finally dne an accumulation of that pere on t 
elericithun e 543 eee 07 1 eee 12 <p>. 


:: Thoſe obferraniens evidently. hom; that) no preciſe bk 


can be obtained from the uſe of thoſe plates, and of courſe: 


that, when conſtructed according to the origiual plan, they are 
ſtill more eee ee N of more e of 


miſtake. . 21 8 | ' I 3411 185 41 2 11 8 8 121 3 
As thai plates, after Spabliog: or noditiplyicg WH four or- 


be uſeful ſo far only, u. that when a ſmall quantity of 


electricity is communicated - to any of them: in the | courſe 
of ſome: experiment, one might multiply it with ſafety 
four or five times, which would even be of advantage in va- 


rious caſes; but in this alſo my dee were ones, 
as will appear from: the following pages:: d vo 29192 
Having obſerved; aſter many experiments, that, ceteris pari 
bus, when 1 began to multiply from a certain plate, for in- 


ſtance A, the electricity which reſulted was generally poſitive; 


and when I began with another plate. B, via. conſidered this 


plate B as the firſt plate, the reſulting electricity was generally 
341 | negative ; „ 


* ww 


Gris times, ſhew no  figns of electricity, none having been 
communicated to them before, I imagined that they might 


'þ communicated e — eee te be 
plate A, with 2'view of deſtroying its ĩtiherent pdſti ho cee · 
tricity. This plate Acbeing no electriſied negatively; but ſo; 
veeakly as juſt to affactt an eloctrometer, I began doubling ; but 
_ after having doubled three or four times, Lfoundy by tba help 
of an electrometer, that the communicated negative eleqtricity 
inflhe plate was diminiſhed inſtead of being increaſed ; ſo that 
ſometimes it vaniſhed entirely, though hy continuing the ope - 
0 rition ĩt often began to increaſe aguin, after à cettaim period. 
N This ſhews, that che quantity of electricity, which howeyer 
TH  fmall it may be, remains in a manner faſtened to the platks, 
will help either to increaſe or to diminiſh the accumulation * 
multiplieation of the communicated electricity, according as it 
a the ſame, or of a different nature., s 
After all the above-mentioned experiments made with thoſe 
2 or multiplying plates, we may come to the following; 
concluſion, vix. that the invention is very ingenious, but their 
uſe is by no means to be depended upon. It is to be withed, 
that they may be improved, ſo as to obviate the. weighty obs: 
Jjections that have been mentioned in the preceding pages, the 
firſt deſideratum being to conſtruct a ſet of ſuch plates as, hen 
no electricity is communicated, they will produce none after 
having performed the Es of get for a certain num- 


WM ber of times. wit 10 10% 
VDtpon the whole, the ae * W ſmall, Rage 

00 electricity may be aſcertained with preciſion are, as far as Þ 

WW | know, only three. If the abſolute quantity of electricity be 


ſmall and pretty well: condenſed, as that produced wi a ſmall 
tourmalin when heated, or by a hair when rubbed, the only 
effectual method of manifeſting its preſence, and aſcertaining 
its n is to communicate it immediately to a very delicate 

electrometer, 


71 


pa” ; 


TT WC _x7 


of a conſiderable quantity of electricity, which is d 


metallic or of Pig phe a 3 nay becauſe If the F 


ſmall quantity of electricity that is communicated : to it be 
expanded throughout a proportionably great ſurface, its claſli- 


city, and of courſe its power of ſeparating, the corks of au 


electrometer, will be diminiſhed in the ſame proportion. 
The other caſe is, when one wants to aſcertain the preſegce 
iſperſed or 
expanded into a great ſpace, and is little condenſed, Uke the 
conſtant electricity of the atmoſphere i in clear weather, or like 
the electricity which remains in a large Leyden phaal after the 


firſt or ſecond diſcharge. 


To; effect this, I uſe an apparatus,. which in Pry is. 


nothing more than Mr. VoLra's condenſer; but with certain 


alterations, which render it leſs efficacious than in the origi- 


nal plan, but at the ſame time render it much leſs ſubject to 
equivocal reſults. I place two of the above deſcribed tin plates > 
vpon a table, facing each other, as ſhewn i in fig. 3. and about 
| one- eighth of an inch aſunder. One of thoſe plates, for in- 
ftance A, is connected with the floor by means of a wire, and 
the other plate B is made to communicate, by any convenient 
means, with the electricity that 1 1s required to: be collected. In 
this diſpoſition the plate B, on. account of the proximity of 
the other plate, will imbibe more electricity than if it ſtood far 
from it, the plate A in this caſe acting like the ſemi-conducting 
plane of M. VoLTa's condenſer, though not with quite an 
equal effect, becauſe the other plate B does not touch it; but 


yet, for the very ſame reaſon, this method is incomparably 
leſs ſubject to any equivocal reſult. When the plates have 


remained in the ſaid ſituation for the time that may be judged 


neceſſary, the communication between the plate B, and the 
3 1 conducting 


* * * * pf * 
- * : 
+ - . ts P a 
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1 oy 8 2 8 ths HeAricity! Wie Auf 
be difcontinued by means of a glaſs'© kick, br other infulativg 

- body; then the plate A is reinovell, and the plate B is pre- 
ſented to an eleckrombter, in order to aſcertain the quality of 

- the electricity; but if the electrometer be not affected by 1 it, 
then the plate B is brought with its edge into Contact wit 
anotlier very ſmall plate, which ſtands upon u ſemi- conducting 
Plane, after the manner of M. VorTa's condenſer *; which 
55 done, the ſmall plate, being held by its inſulating handle, 18 
: removed from the inferior plane, and is preſented to the elec- 
trometer: and it frequently happens, that the ſmall plate will 
affect the electrometer very ſenſibly, and quite ſufficient for 
the purpoſe: whereas the large plate itſelf ſhewed no clear 
his: of electricity. wh 
If it be aſked, why I uſe the fridicconduBting plane for this . 
mall plate, and not for the large one? the anſwer is, firſt, be- 
cauſe the large ſermi- conducting plane 1s incomparably more 
Aiffcult to be procured than the ſmall one; and, ſecondly, | 
becauſe the ſmall plane may be eaſi ly deprived of any acct 
dental electricity which may adhere to it ; but the large one is 
more difficultly rendered fit for the purpoſe, eſpecially as the 
large plate ought in general to remain upon it a much longer 
time than the ſmall | rd is to remain _ its W 
plane. 8 ” 
The third and laſt a is when the ele& yeity to be aſcer- 
tained3 is neither very confiderable i in quantity, nor much con- 
denſed; ſuch is the electricity of the hair of certain animals, 
of the ſurface of chocolate when cooling, &c. In this caſe 


the beſt method 1 is to apply a metal plate, furniſhed with an 


EO This ſmall plate! is 1 of the fize of a filling, and the ſemi-condutting 
Plane 11 is of wood covered with copal Fargiſh, 


inſulating 


* a "7 
5 -aſulativg hit ike an — plate, to the died 
body. and to touch this plate with a finger for a ſnort time 
whilſt ſtanding in that ſituation; which- done, the plate is re- 
moved, and is brought near an electrometer ; or its electricity 
may : be. communicated- to the plate of a ſmall condenſer, 28 
directed in the preceding caſe, which will render the electricity 
more conſpicuous. It is evident, that in this caſe the metal 
plate will acquire the electricity contrary to that of the ſub- 
ſtance ir queſtion; but this anſwers the ſame purpoſe : for if 
the electricity of the plate be found to be poſitive, one muſt 
conclude, that the electricity of the body in queſtion is nega- 
tive, and contrariwiſe. In this operation, care muſt be had 
not to put the metal plate too near, or in full contact with the 
ſubſtance to be examined, leſt the friction, likely to happen 
between the plate and the body, ſhould produce ſome electri- 
eity, the origin of which might be attributed to other cauſes. 
f Having thus far deſcribed the ſureſt methods of aſcertaining 
the preſence and quality of electricity, when its quantity or 
degree of condenſation is ſmall, I ſhall, now beg leave to add 
1 ſame. farther remarks on the ſubje& of electricity in general, 
and which have been principally ſuggeſted by what has, n 
mentioned i in the preceding pages. 
On the hypotheſis of a ſingle electric Auid, i it is ; ſaid, that 
5 every. ſubſtance in nature, when not electrified, contains its 
proper ſhare of electric fluid, which is proportionate to its bulk, 
or to ſome other of its properties ; and it is generally believed, 
that this equal or proportionate diſtribution of electric fluid 
takes place with the greateſt part of natural bodies. However, 
the fact is far from being ſa; and I may venture ta afſert that, 
ſtrictly ſpeaking, every ſubſtance is always eleQrified, vis. 
that every ſubſtance, and even the various parts of the fame 
r 1 body, 
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adult N alen cbur pd the klectrieity to ir: Hut 
be diſcontinued by mexns of a a glaſs Rick, or other i nfulativg 
boch; ; then the plate A is removed, and the plate B is pre- 
ſented to an electrometer, in order to aſcertain tlie quality of 
the electricity; ; but if the electrometer be not affected by 1 it, 
then the plate Bis brought with its edge into contact with 
Aanotlier very ſmall plate, which ſtands upon u ſemi- conducting 
| Plane, after the manner of M. Volr A“ 8 condenſer *; which 
12 the fmall plate, being held We its inſulating handle, 18 
preſented to the elec- 
F trometer : "and it Hehbebny Bappen, that the ſmall plate will 
affect the electrometer very ſenſibly, and quite ſufficient for 
the purpoſe: whereas the large plate itſelf ſhewed no elear 
ſigns of electricity. 192 
If it be aſked, why I uſe the telhi-eandutbing . for this 
Cimall plate, and not for the large one ? ? the anſwer is, firſt, be- 
cauſe the large ſemi- conducting plane i is incomparably more 
diffcult to be procured than the ſmall one; and, ſecondly, 
becauſe: the ſmall plane may be eaſily deprived of any acct- 
dental electricity which may adhere to it; but the large one is 
more difficultly rendered fit for the purpoſe, eſpecially as the 
large plate ought in general to remain upon it a much longer 
time than the ſ mall pwn is to remain * its lemi conducting 
plane. Wn ey" 
The third and laſt caſe is | let the cled weity to be aſcer- 
tumelli is neither very confiderable i in quantity, ner much con- 
denſed; ſuch is the electricity of the hair of certain animals, 
of the ſurface of chocolate when cooling, &c. In this caſe 


the beſt method is to apply a metal plate, furniſhed with an 


* This ſmall plate! is nearly of the fize of a milling, and the ſemi-conduAting 
plape f is of, wood covered with Copel var niſh. 
inſulating 


vhilſt ſtanding in that ſituation; which: done, the plate is re- 
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infulating — Jie an ab plats; to the electriked = * 


body, and to touch this plate with a finger for a ſhort time 


moved, and is brought near an electrometer ; or its electricity 
may be communicated to the plate of a ſmall condenſer, as 
directed in the preceding caſe, which will render the electricity 
more conſpicuous... It is evident, that in this caſe the metal 
plate will acquire the. electricity contrary to that of the ſub- 


| Nance ii queſtion; but this anſwers the ſame purpoſe : for if 


the electricity of the plate be fouiid to be poſitive, one muſt 
conclude, that the electricity of the body in queſtion is nega- 
tive, and contrariwiſe. In this operation, care muſt be had 
not to put the metal plate too near, or in full contact with the 


the preſence and quality of electricity, when its quantity or 
degree of condenſation is ſmall, I ſhall, now beg leave to add 

ſame. farther remarks on the ſubject of electricity in general, 

and which have been principally ſuggeſted by what has been 
mentioned in the preceding pages. 


ſubſtance to be examined, leſt the friction, likely to happen 


between the plate and the body, ſhould produce ſome electri- 
eity, the origin of which rr, be attributed to other cauſes. 


Having thus far deſeribed the ſureſt methods of aſcertaining | 


On the hypotheſis of a ſingle electric Avid, 3 it is dad, chat 


every ſubſtance in nature, when not electrified, contains its 
proper ſhare of electric fluid, which is proportionate to its bulk, 


or to ſome other of its properties; and it is generally believed, 


.that this equal or proportionate diſtribution of electric fluid 
takes place with the greateſt part of natural bodies. However, 
the fact is far from being ſa; and I may venture ta aſſert that, 
ſtrictly ſpeaking, every ſubſtance is always electriſied, viz. 
that every ſubſtance, and even the various parts of the fame 


Vol. im, . body, 
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body, ebntain st all tirnes more or leſs electric fluid OT that 
quantity of it which it ought to contain, itt order to * in * 
elocttĩeal equilibrium with the bodies that ſarcound it. 
At firſt fight it may be thought quite immaterial to 80 
whether the electrie fluid is diſperſed in the juſt proportion among 
the various ſabſtances which are not looked upon as electri- 
fied, or whether it deviates in a ſmall degree from that propor- 
tionate diſtribution; but it will hereafter appear, that one of 
thoſe aſſertions will lead us to the explanation of an intereſting 
phenomenon i in electricity, whereas the other does not admit 
of it; beſides, what is called fmall difference of the propor- 
tionate distribution, inſomuch as it does not affect our inſtru- 
ments, may be ſufficient for ſeveral Were of nature, which - 
it is our intereſt to inveſtigate. Nel Ens of 07 Soapldut 
If we e inquire what 1 evince this Altered Wein 
tion, or or the actually electrified ſtate of all bodies, the pre- 
ceding obſervations will furnith ſome very unequivocal ones; 
«ſpecially that of the doubling plates made after my plan, 
which ſhewed to be elerified even after having remained un- 
touched for a whole month, during which time they bad 
been in communieation with the ground; for if each of them 
had contained an equal ſhare of electric fluid, the electric 
atmoſphere of one of them could not poſſibly occaſion a con- 
trary electricity in the other, and conſequently no accumula- 
tion of that power could have happened. [ 
A great number of inſtances are related: is): books: ous the 
| fubje of electricity, and in the Philoſophical Tranſactions, 
of pieces of glaſs, of ſulphur, of ſealing-wax, &c. having 
remained electrified ſo far as to affect an electrometer for 
months after they had been exeited, or even touched; but the 


followin g experiment will ſhew, in a clearer _— the great 
5 


length 


eee 


looked through - a ſmall teleſcope, and by means of a micro- 


— — af Eu Y ö \ 


Knight of time that Aa 3 of wien will remain upon 


1 


a bod. ‚ 
Having conſtrubted a gold- leaf e is thi niceſt 
manner I could, and which, on account of the non-conduRting 
nature and conſtruction of its upper part, could remain ſenſibly 


electrified for ſeveral hours together, I communicated ſome 
electricity to it, which cauſed the flips of gold-leaf to diverge 


with a certain angle; and as the electricity was gradually diſſi- 
pated, the divergency diminiſhed in the ſame proportion. 25 
Now, whilſt this diminution of divergency was going on, I 


meter meaſured the chords of the angles of divergency, ſet- 


ting down the time elapſed between each pair of contiguous 


trometer ſtill remained in it. 


quantity of electricity to be diviſible into 16 equal parts. 


Tranſactions, Vol. LVI. 


obſervations; and as the chord of the angle of divarication is 


in the direct ſimple proportion of the denſity of the electric 
fluid , I could by this means know how much electric fluid 
| was loſt by the electrometer in a certain time, and of courſe 


what portion of the electricity firſt communicated to the elec- 
Let us make the chord of the 
angle of divarication on firſt electrifying the electrometer, or 
rather when firſt obſerved, equal to 16; or let us conceive chat 


I obſerved, that when the chord of the angle became equal 


to eight, the time elapſed between this and the firſt obſervation 
was one minute; when the chord became equal to four, the 


time elapſed between this point and the preceeding obſervation 
was 3“ 30“; when the chord became equal to two, the 
time elapſed ſinee the preceding obſervation was 17"; and 
* the chord became equal to one, the time elapſed fince the 


* This 9 was rk aſcertained by F. BEcCARIA, See Philoſphical 


D 2 preceding 
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20 Mr. Cavaro' s Obſervations on 


preceding obſervation was one hour and a quarter; after which 
; the electrometer remained ſenſibly electrified for a long time. 
In repeating this experiment, the times elapſed between the 
ee obſervations did not follow ſtrictly the ſame pro- 
portion of increaſe; nor did they increaſe regularly i in the ſame 
experiments, which may be attributed in great meaſure to the 
inaccuracy in obſerving, and to the fluctuating ſtate of the air ; 
but it could be ſafely inferred from all the experiments, that 
the times required for the diſperſion of the electricity were at 
leaſt greater than the inverſe duplicate proportion of the den- 
ties of the electricity remaining in the electrometer. And if 
we imagine, that they continue to diminiſh in the ſame propor- 
tion of increaſing time, which is far from being an extrava- 
gant ſuppoſition, we ſhall find, by a very eaſy calculation, 
that about two years after the electrometer would ſtill retain the 
| hundredth part of the electricity communicated to it in the 
beginning of the experiment; and as we do not know how 
far a quantity of electricity is diviſible, or to what extent it 
may be expanded, we may conclude with ſaying that, ſtrictly 
ſpeaking, the electrometer would remain n for 0 
_ SUDY Tt | 
It may be inferred fem this as nb; as fo. many ther 
experiments, that the air, or in general any ſubſtance, va 
more or leſs perfect conductor of electricity, according as the 
electricity which is to paſs through it is more or leſs condenſed 
ſo that if a given quantity af electric fluid be communicated 
to a ſmall braſs ball, one may take it away by ſimply touching 
the ball with a finger; but if the ſame quantity of electric 
fluid be communicated to a ſurface of about 100 or 1000 


_ {quare feet, the touching with the finger will bardly take away 
© any york of it. 


7. | If 
- * 


of the production of electricity by friction, which is depen- 
dent upon the above ſtated propoſition, vis. that bodies are 


ſmall Quantities of Elefricity. 23 

If it be aſked, what power communicates the dv "or 
n diſturbs the equilibrium of the natural quantity of 
electric fluid in the various bodies of the univerſe; 3 we may 
anſwer, that the fluctuating electric ſtate of the air, the paſſage 
of electrified clouds, the evaporation and condenſation of fluids, 
and the friction ariſing from divers cauſes, are perpetually act- 
ing upon the electric fluid of all bodies, fo as either to increaſe 


or diminiſh it, and that to a more > conſiderable degree than i is 
generally imagined. 


1 ſhall laſtly conclude, with briefly propoſing : an explanation 


always eleftrified in ſome degree; and likewiſe upon the well 
known principle of the capacity of bodies for holding electric 


fluid being increaſed by the. proximity of other bodies in certain 
Circumſtances. 


It ſeems to me, that the cylinder of an e TY | 


like ABC in fig. 4. muſt always retain ſome electricity of the 


poſitive kind, though not equally denſe in every part of its 


ſurface; therefore, when the part of it A is ſet contiguous to 

the rubber fg, it muſt induce a negative electricity in the 

. rubber. 

of it B (which ſuppoſe to have a leſs quantity of poſitive 
electricity than the preceding part A) comes quickly againſt 

the rubber; the rubber being already negative, and not being 


Now, when by turning the cylinder, another part 


capable of loſing that electricity very quickly, muſt induce a 


| ſtronger poſitive electricity in the part B, which is now oppo- 
ſite to it; but this part B cannot become more poſitively elec- 
trified, unleſs it receives the electric fluid from ſome other 


body, and therefore ſome quantity of electric fluid paſſes from 


the loweſt part of the rubber to the part B of the glaſs, which 
- additional quantity of electric fluid is retained by the part B 


only 


only whilſt i if remains in — with the nibbles for her 
that, its capacity being diminiſhed, the electric fluid endeas 
Yours to eſcape from it. Thus we may conceive how every 
other” part of the glaſs acquires the electric fluid, &. and 
what is faid of the cylinder of an electrical machine may, 
with proper changes, be applied 4 to * other detric and wk 
rubber. e ee a 1. oo 
An appears, Wera that en to this n 4 pen 
of the rubber, viz. that which the ſurface of the glaſs cylinder 
enters in turning round, muſt ſerve to furniſh the electrie fluid 
to the glaſs, and the vpper part muſt be poſſeſſed of a negative. 
electricity capable of indueing a poſitive electricity in the glaſs | 
contiguous to it. In fact, this ſeems to be confirmed by the 
general practice and experience; for that rubber anſwers beſt 
for an uſual electrical machine, which can eaſily conduct the | 
electric fluid with i its under part, and the upper part of which 
18 mote ready to acquire, and to retain, the negative electricity; ; 
| hence the rubbers are generally furniſhed with amalgam below, 
ad with a piece of ſilk above; hence alſo, if the cylinder 
of the machine be turned the contrary way. it will Ia 
little or no electricity. 5 
I u often happens, that the part which cht the fluid, 
[ - and that which acquires the electricity contraty to that of the 
1 electric, are not {6 diſpoſed | in a rubber as the one above de- 
ſcribed but it remains always true, that the rubber muſt be 
polfleffed of thoſe rwo properties, vix. to conduct the electric 
fluid very readily i in one or more parts, and to acquire, as well 
as retain, on other parts, an electricity contrary to that ac- 
yound A the electric that i is to be rubbed with it, | 
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7 "HE ; ſubjeR of . motion has been fo a con- 
ſidered, and in ſo many lights, that it is hardly poſſible 
to > wok many obſervations which are trite, and even puerile; 
which, when they occur, I beg the learned Society to forgive. 
They will alſo find ſo little new, or even nothing, that I 
ſhould be inexcuſable in taking up their time, if the ſubject was 
not annually to be diſcuſſed before them. In conſidering muſ- 
cular motion, I muſt begin with ſome obſervations on motion 

in general, and with that well known, and ſelf · evident axiom, 
that one particle of matter, conſidered by itſelf, will remain 
at reſt if it be at reſt, and will continue in motion if it be i in 
motion, and in the ſame direction. This has been called the 
vis inſita, or vis inertiæ, of matter. It may be faid i in other words, 
that a ſingle particle of matter being at reſt, would therefore 
always continue at reſt, if it were not for ſome external im- 
2 pulſe made on it. This impulſe may be from ſome other par- 
ticle of matter in motion impinging upon it, and communi- 
cating part of its motion to it, while it communicates an equal 
quantity of its reft to the matter ſo impinging upon it, ſo that 
the quantity of motion and reſt ſhall be the ſame after the 
impinging, in both bodies, as they were before: or, in other 
words, a * particle of matter in motion would always 


continue 


. De Faxpron's Laure 
continue in FRET in the ſame direction, if it did not meet 
with another, on which it impinged ; and after the impinging, 
there would be the ſame quantity of motion and reſt i in both 
bodies taken together, as was before. If we confider equal 
motion, in direct contrary direction, as reſt; motion, or reſt, 
3 in a body by the above ene, 1 hall call commu- 
nicated. 

If two ſimple particles of cattes;/ of an 6 not "TY 
ther diſtant from one another than the ſun is from the earth, 
were both at perfect reſt, theſe two particles would inſtaiitly 
begin to move toward one another, i if no wand er particle" of 


matter whatever exiſted. 
I do not mean to tire my leatned Audience with demonſtra 


tion of propoſit itions ſo well known. T 
Fhere would, therefore, be an nip; protucing 0 motion 
betiveen theſe bodies, without any contact. 8 20 
Motions produced i in this way, I call orginal motions. wiv! 
The firſt conſideration with regard to any particular motion 
is, nen are, whether | it be an Soy, of or r communicated mo- 
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Ant Nivnicater e mY 3 — motion ; if it 9 a communi- 
"cated motion, it will follow the laws of communicated motion. 
Many obſervations ſhew, that muſcular motion is not a 
"communicated motion, and therefore an original one _ 
In any ſyſtem of bodies, or particles of matter, affe@ting 
one another only by the motions already exiſting, i in them 
being communicated to. one another, they may diminiſh their 
motion, or bring one another to reſt ; but they never can in- 
ereaſe the motion exiſting in the whole. It happens frequently, 
that the motions in the animal body are increaſed, without any 
alteration of external applications to it; the caſes are ſo nume- 


rous, that it is hardly worth bringing an example: we might 
mention 
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| on Muſtuler - Ds 
mention ; this mcreaſe at times of the circulation, and all the 
motions of the-fluids without the leaſt new motion in the ſur- 


rounding bodies, or interference, or even knowledge of the 
mind. This motion muſt therefore be original, and not com- 


municated. 195 | 
In communicated motion, if one body be at reſt, and a mo- 


tion be communicated to it by another, the power of the whole 


motion ſhall not be greater than that in the communicating 
body at the time of the communication. If I take out the 


heart of an animal, cut off the auricles, it will in many caſes 
continue to contract and dilate for ſome time. If it be left to 
come to reſt, and if ſoon after a needle be introduced into the 
ventricle, placed tranſverſely, and if the interior ſurface of the 


ventricle be pricked gently by the needle, the ventricle will 


contract with ſuch power as to force the needle deep into it: 


in this caſe, the force of the contraction of the ventricle is 
much greater than the power with which it was pricked by 


the needle; this contraction was therefore not communicated 
to it by the moving needle, but was en and therefore 
an original motion. 


In all communicated motion, by which two bodies at a diſ- 


tance are brought near to one another, there muſt ſubſiſt ſome 
other matter, by which they may be drawn, or forced, nearer 
to one another; but in original motion, it is not at all neceſſary : 
that any other matter ſhould exiſt- at all. 

| placed at as great a diſtance from one another as the ſun is from 
the earth, as has been already obſerved, although at perfect 


Two particles, 


reſt, would begin to move nearer one another, by the attraction 
of gravitation, if all other matter whatever were annihilated. 
Moſt authors who have treated on muſcular motion have 


ſuppoſed, that it was a communicated motion ; and that it was 


Vor. LXXVIII. E produced 
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1 - Dr: Fonbyen's Lenke 
produced by das paſſing by the nerves, from the bake to. 
the moving part. Three doftrines have been ſet forth; one, 
that there is a fluid paſſing along the nerves; a ſecond, that 
there is a vibration; and a third, that the nerves are ſurrounded 
with ſomething like electric matter, in which motion runs 
from the brain to the moving parts. Thoſe who have conſi- 
dered this ſubject muſt be tired of the arguments which have 
been brought to refute each of theſe; for no argument from 
fact has been employed to prove any one of them: 1 ſhall 
therefore leave them as mere chimeras of the brain. I 
Have taken notice, that it is not requiſite for any motion to 
paſs between - two bodies, exciting in each other an original 
| n theough or 55 any other matter: 1 have alſo _ 
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is not b noceliny for any. motion,. or communication, to yo 
through any other matter, in order to bring the muſcular fibres 
into action. 
One caſe of muſcular motion is, when a Rimwles | is applied 
to ſome part of the body, and. a muſcle at a diſtance imme- 
diately contracts. It has been ſuppoſed i in this caſe, that ſome 
influence was communicated to the nerve of the part where the 
ſtimulus was applied, and through it to the brain, and from 
the brain through the nerves of the contracting muſcle. 
Granting, for a little, that ſome motion may paſs along the 
nerves, and therefore that the end of the nerve, where the 
application was made, may be the part in which the original 
motion began, the ſtimulus frequently does not touch the end 
of the nerve; for if vapour of volatile alkali be applied to the 
10 ſtrils, an univerfal glow of heat, and increaſed circulation, 
will conſtantly take place; but the vapour of the volatile alkali 
could not touch the nerves of the noſtrils, the membrane 
4 being 
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| not penetrate without diſſolving it, which it had not time to 
do, and, if it had, would have united with it, * as to form a 


a}: 
| being conſtantly covered with mucus, - . the vapour could 


VE — 


ſoap, void of any ſtimulating power. | 
If, therefore, the original motion began in the end of the 


| nerves of the noſtril, it muſt be excited by a ſubſtance at a 
diſtance from the end of that nerve, without any communica- 


tion of motion between the ſtimulus, that is, application pro- 


ducing the motion, and the end of the nerve in which it is 
excited; therefore, on any ſuppoſition, a ſtimulus is capable 


of exciting a motion, in a part at a diſtance, without any 


communication of motion ; and it is therefore not neceſſary, 
that the nerves ſhould be at all employed in the motions of the 
body excited by a ſtimulus, as it can act at a diſtance without 
their intervening. Further, that the nerves are not employed in 
the motions excited by ſtimuli, is evident from this experiment :. 
take the heart out of a living animal, cut all the nerves off as cloſe 


as poſſible, lay it in nearly the heat of the body of the animal, 


it will continue to contract for ſome time. As ſoon as it has 
ceaſed contracting, prick a fibre in one of the ventricles ; ; both 


ventricles, and all their fibres, will contract iaſtantly, although 


there be now no communication by the nerves, between many 


of the contracting fibres, and the fibre ſtimulated. It might 
be ſuſpected, that the motion of the fibre ſtimulated might 


affect the others: in this caſe the contractions would be pro- 
greſſiye; but, on the contrary, the whole contract at once. 


cannot help bringing another inſtance, where ſtimuli 
produce action in parts at a diſtance, without any communica- 
tion of motion by the nerves. When infuſion of cantharides 


is applied to the ſkin, as we ſay vulgarly, it is not applied i im- 
mediately to the ſkin ; but in the firſt inſtance to the mucous 


E 2 and 
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— Matter, which every Where covers W ſearf 
Kin; under this lies che ſcarf Fin, nen the infuſion can 
hardly be conceived do come at; if it did, the ſcarf ſkin we 
know is perfectly impenetrable to ſuch a fluid; it can there- 
fore never toueh the ſkin,” in which it excites inflammation, 
and on which it therefore acts at a diſtance, and excites mo» 
tion, which no one can ſuſpe& to come through the nerves : 
nor is there any motion through the mucus and ſcarf ſkin, of 
any other kind than would ariſe if an infuſion of any other 
inſect had been G_ which had no — of AP 
inflammation. 1 | 
From what hes Hon faid 'we may conclude, that . a 
ſtimulus has been applied fo as to excite motion in a diſtant 
part, no motion whatever takes place in the nerves, or is com- 
municated by them from the part to which the fiimulus is 
W e to the moving part. ID 
I need not draw your attention to another W vx. 
that when a ſtimulus is applied to a diſtant part, ſo as to Pro- 
duce motion, it often happens, that the ſtimulating matter is 
not carried by the blood-veſſels, or otherwiſe, to the moving 
part. This »„— hes often been- W and is 
well known. 
All the original power exerted by any of the moving parts 
confiſts in a power of particles coming nearer one another ;. for 
every muſcle or fibre becomes ſhorter when it acts; or, in 
other words, contracts; and every other moving part in like 
manner contracts when in action. It is true, that there are 
many contrivances to make the contraction have great effect in 
producing motion, force being never ſpared for conveniency, 
as my friend Mr. Hu x TER has, I believe, already ſet forth to 
my learned audience: but, nevertheleſs, it is clear from every 
3 experiment 


enporjeniettt made en the ſubject, chat all motion ariſes from 


tion of life. This attraction is either of two ſpecies, or is 

exerted variouſly ; 3 for all the moving parts have their particles 
nearer one another in the living than in the dead body. The 

proof of this i is as neceſſary as it is obvious. I muſt, there- 

fore, take up a ſmall portion of your time in pointing it out. 


we, ded 29 


particles coming near one another in ſame direction. It would 


be ſuperfluous for me to point out. theſe experiments ; I ſhall 


manta one only, and, an obvious one. Lay bare a muſcle, 
d prick any of its fibres, it immediately becomes ſhorter. 
The original power of coming nearer to one another of twa 
or more particles of matter, has been called attraction. There 
have been ſeveral original powers of coming nearer one ano- 


ther of particles of matter, which have been conſidered as dif- 
ferent attractions, ſuch as the attraction of gravitation, of 
, magnetiſm, of electricity, &c. ; 3 all of which this Society are 
too much maſters off, for me to enter into any * 


with regard to them. 
The attraction which is my profont object, I call the attrac 


Take the body of any animal, when the life is entirely gone 


from it, and the effects of it are entirely loſt, but before any 
putrefaction, or any change in its chemical qualities, has taken 
place; and lay bare, and diſſect out, any muſcle, eſpecially one 
which has long fibres, and no middle tendon, ſuch as the ſarto- 
rius, for example, and afterwards lay it in its place, leaving it of 


the length it naturally takes ; it will reach farther than from. 
its origin to its inſertion; but lay bare, and diſſect out, the 


fame muſcle in the living body, and it will always be ſhorter: 
than from its origin to its inſertion. If it ſhould be ſaid, that the 
diſſection ſtimulated the muſcle, and brought it into action, 


let it not be diſſected out, but its tendon. cut through, as the 
Tendo 
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3 D deer Lanes, 
Tendo Aebillis; bor inſtance, the ſame thing will happen, 
And we now are all convinced, from various experiments, that a 
tendon in a found ſtate is not capable of being ** by 
being wounded, cut through, or bfoken. | 
J apprehend, then, that we may conclude, that all the 
movin g parts are conſtantly contracted, that is, their particles 
are nearer one another when the body is alive, than when dead, 
.and totally left to their elaſticity. This ſpecies of action! call 
the tone. The ſecond ſpecies, or variety, which occurs in the 
attraction of life, is when a moving part, for a ſhort time, has 
its partieles brought nearer one another than they are from their 
tone, and which very rarely continues for many ſeconds of 

time without intermediate relaxation. 1 call it their action; - 

| when it does continue for a longer time, it is called ſpaſm ; 

which, however, is ſo vague a term, that I could wiſh totally 
to reject it, atleaſt to confine it only to this ſenſe, vis. a greater 
contraction, or coming nearer one another of the particles, of a 
moving part, than that which would happen from their tone, 
remaining without any intermediate relaxation. 

I for the preſent do not mean to ſay any thing farther with 
regard to the tone, or ſpaſm of parts; but only to call to your 
conſideration the action, as excited by applications to ſome 
part of the body at a diſtance from the moving part. I have 

already rejected all communication by the application, or ſti- 

mulus, being carried by the blood-veſſels, or any other way 
whatever, to the part. I have alſo rejected any motion, or 
communication of any kind whatever by the brain and nerves 
to the part. I conceive, that when any ſtimulus or application 
whatever is made in any part, ſo as to produce any action in 
a diſtant part, that that medicine or application, without hav- 
ing any operation whatever on the intermediate parts, gives a 
= power 


* 5 Ys vm LP 
* * ” 
* 23k 


power to o the particles of the moving part of greater attraQtion. : 
I ſhall-illuftrate this idea by ſuppoſing, that there is a machine 
moving by various powers, either original or communicated; 
and that in this machine there are two magnets, which by 
their attractive power have come to a given diſtance from one 
another, but have been prevented from coming nearer by ſome 
power endeavouring to draw them back. A much ſtronger | 
magnet applied to a part of the machine, in a certain manner, 
ſo as not to touch either of the two already there, nor to affect 
any other part, may increaſe their power of attraction, ſo as . 
to make them overcome the reſiſtance, and come nearer one 
another *. 1 . 

In the a manner, I apprehend, that an application made 
to the ſkin of the abdomen may, and often does, occaſion the 
action of the inteſtines to take place, without any effect what- 
ever on the intermediate parts; but that it ſimply excites the 
attraction of the particles of the moving parts of the in- 
teſtines; certainly a part of the matter through which the in- 
fluence is to paſs, vix, the mucus and ſcarf ſkin, is actually s 
inanimate matter. 

In certain caſes of original motion, there is attraction, or 
the coming. nearer of particles only. In others, there is not 
only attraction, but oppoſite repulſion; the caſes of which are 
unneceflary to enumerate to this Society. In the attraction of 
life there is no oppoſite repulſion ; all the motions of the body 
are produced entirely by the force of particles coming nearer 
one another, When this force diminiſhes, or the. action goes 
off, and leaves the part entirely to its tone, the particles of the 
moving part are by no means repulſed from one another, but 


* I do not mean to inſinuate, in the ſmalleſt degree, that the powers of the 
body at all depend on, or hays any thing to do with, magnetiſm. . 
are 
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are [oft to be drawn aſunder by their elaſticity, weight, or the 
weight of the ſurrounding parts, or any other accidental 
power: but, nevertheleſs, there are applications which may 
be made to diſtant parts of the body, which may, and do, 
take off the attraction which occaſions the action of the mov- 
ing part; and all thoſe reaſonings which I have already applied 
to applications which excite action, and which are called ſti- 
muli, are equally applicable to thoſe 3 which make 
action ceaſe, and which we call ſedatives. 
The great ground on which 1 have attempted to make  theſs 
obſervations, is the foundation of certain maxims in the prac- 
tice of medecine, which I ſhall now proceed to ſketch out to 
the Society, whoſe inſtitution, to me, has always ſeemed to 
include the — but not the actual Practice, of medi- 


| cine. : 


Medicine is a a of long cultivation in mer chan- 
nel in which all the ſciences have flowed, and had early 
attained great perfection, I believe, from the teſtimony of 
various writers of antiquity, and other circumſtances, which 
I paſs over as well known to many of this learned body, 
and too foreign a digreſſion from our preſent ſubje& : for 
although Czrsus obſerves well, that there could be. no 


| phyſicians among the Greeks at the time of the Trojan 


war, inaſmuch as Homes never mentions one medicine, but 
only application to the Gods for the cure of fevers, and other 
internal diſeaſes; yet the Egyptians, from whom the Greeks 
received a great part of their knowledge in all ſcience, as well 
as in medicine, had certainly not only regular phyſicians 
for internal diſeaſes, but likewiſe ſtone-cutters, oculiſts, au- 
riſts, &c. long before the Trojan war; and HIP OC RATES, 
by his own teſtimony, took much of his knowledge from 
what he calls the ancients. In the progrels, nee, of the 

5 ſtienee 
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ſeience of medicine, ĩt came into my mind to enquire how „ 
atid on what ground, the modern increaſe of ſcience in ana- 
tomy, chemiſtry, mathematics, &c. had forwarded the know- 
ledge of medicine. In the firſt place, it is well known to my 
learned Audience, that medicine was in the hands- of Greek 
phyſicians from the time of Hir rock AES, or rather from the 
deſtruction of the Egyptian monarchy by Camsrsss, down 


to the time of the Cruſades ; in all this.time there was hardly 


a diſſection of the human body, from an opinion about manes ; 


but when it came into Europe again, where this opinion re- 


mained indeed, but in a much leſs degree, anatomy began 
again to flouriſh; and by other means all the other ſciences 


| ſhone forth with a greater luſtre than they had ever done in 
any period handed down to us by hiſtory of any nation. It was 
obvious therefore to conceive, that the knowledge of the 
ſtructure of the body, and the inveſtigation of the powers of 


matter, made in a more accurate manner, and on a more ex- 


tenſive ſcale, would elucidate the doctrine of the human body, 


and its diſeaſes, and their treatment, in a new and more per- 
fect manner: to this opinion I mean now to apply the reaſon- 
ing I have before laid down. | 

In the ſtructure and phyſiology of the hats two great i di- 


coveries have been made by the moderns; the circulation of 
the blood; and the lymphatics, and abſorption of the lymph. 


Theſe at once overthrow the ideas of the ancients with regard 


to moſt of the functions of the interior parts of the body; 
which was now conceived by many to be an hydraulic ma- 


chine, and ſubje& to all thoſe diſorders which were incidental 
to ſuch a machine ; and particularly, from various fluids flow- 
ing with great rapidity, through tubes, many of them of 
infinite fineneſs, that ſtoppages muſt often take place, which 
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were. to be removed by diflolving out the. obſtructing GC; 
that the blood was mixed fo perfectly through all the body, 
and ſo conſtantly, that the ſame blood muſt he taken away, 
whatever blood-veſſel was opened; and when we conteraplate 
the numerous openings and communications of the veſſels 
| with one another, that blood flowing out of any one will 
empty them all equally, and that, therefore, it can be of no 
conſequence from what part of the body blood is evacuated. 
In a pleuriſy, for inſtance, where can be the difference, whe- 
ther blood be taken from the right or left arm, or from the 
veſſels of the {kin of the breaſt ? But there is a difference, and a 
great one too; fince taking a much leſs quantity of blood from 
the ſkin of the breaſt, 1s actually known, in certain caſes, from 
experience, to cure a pleuriſy, than would have had that effect 
if taken from the veſſels in the arm, and will even carry off 
the diſeaſe, when | it could not be carried off at all by evacuation 
from the arm: yet it is undoubtedly the very ſame blood in all 
its qualities ; and in both caſes the veſſels of the pleura are 
equally emptied. The a& of flowing out of the blood from 

the veſſels of the ſkin of the breaſt then has an immediate 

action on the action of the moving parts in the pleura, and car- 
ries off the inflammation independent of the circulation, or 
any of its laws; and fo far has the knowledge of the circula- 
tion been of any advantage in this caſe, that it bad nearly 

thrown out topical bleeding in inflammation, which is one of 
our moſt powerful remedies in the diſeaſe. In like manner, 
when the moving fibres of the ſtomach do not contract, ſo as 
to expel any vapour that may get into it, a ſpice applied to the 
ſkin over the ſtomach will, in many caſes, occaſion theſe 
fibres to contract. Now it is well known from anatomy, that 
there is no communication between the {kin of the abdomen 
= 8 and 


and the ſtomach ; md. if the Hire were to act by nching 
theſe fibres, it would be the ſame, whether it was applied to 
the ſkin over the ſtomach, or to the ſkin of the arm; for in 
both caſes it muſt be abſorbed by the lymphatics, and carried 
to the left fide of the heart, and there and in the lungs be 
blended univerſally with the whole blood, and carned by the 
_ arteries to the moving fibres of the ſtomach. Nay more, that 
it would be equal, whether it was applied to the inner ſurface 
of the ſtomach itſelf, or to the external ſkin, or any other 


membrane, of any other cavity: for the ſtomach is covered 


with mucus, and lined with a membrane which is perfectly 8 
impervious, and totally prevents any thing contained in the 
ſtomach from being any way applied to the moving fibres; Þ 
muſt in this caſe, therefore, be likewiſe taken up by the 
lymphatics, or lacteals, and carried to the heart before it 
could touch the moving fibres of the ſtomach. The maxim 
then, ariſing from our knowledge of the lymphatics, would 
be, that it was of no conſequence where we applied a ſpice in 
caſes of flatulency ; ; which is not true. By ſimilar reaſons it 
might be eaſily ſhewn, were it not for tiring my learned 
Audience, that all the knowledge of the properties of the 
fluids, which has been acquired by modern and accurate expe- 
riments, hardly contributes any thing to the knowledge of 
applying medicines for the cure of diſeaſes; and that the ſtudy 
of the laws of the attraction of life, or what has been called 5 
muſcular motion, is of conſiderable importance. 
One more obſervation I have only to make, viz. that all 
original motions are by their nature perfectly unintelligible as 
to their cauſe; who can tell the cauſe of gravity, chemical 
attraction, &c. ? and fo undoubtedly the attraction of life, in 
1ts cauſe can never be inveſtigated, being, like all other attrac- 
F 2 tion, 
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EO 36 Dr. Foxryce's Lefure on Muſeular Motion. 
tion, a power which two or more particles of matter have of 
coming nearer one another. But although the ſtudy of cauſes 
of original powers be totally abfurd and futile, yet the laws of 
their action are capable of inveſtigation by experiment, and 
applicable to the evolving much uſeful knowledge. Need I 
remind this Society, that the inveſtigation of the laws of gra- 
vitation, by Sir Isaac Nxwrox, has rendered it immortal? 
The inveſtigation of the laws of the attraction of life has alſo 
been greatly- forwarded by one of its preſent members; but it 

zs an inveſtigation which will probably require ages to render 
perfect. 4 IT 
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By Don Michael Rubin de Celis. Communicated by Sir 
Joſeph Banks, Bart. P. R. Ss. * 


Read November 2 22, 1787. 


1 . que remite a Ia R. Sociedad de Londres D. Mover. 
RuziNn DE Cxl. is, Cavellero del Orden de Santiago, Teniente 
de Fragata de la R. Armada de S. M. C. Academico cor- 


1 reſpondiente de la R. Academia de Marina de Francia, F: de. 
13 R. de la Hiſtoria de Eſpaña. 


AZE mas de treinta afios que en las provincias del gran 
Chaco Gualamba, de adonde varias Naciones barbaras 
arrojaron a los Eſpanoles, y deſde cuio tiempo eſta quaſi deſierta 
la parte meridional del Rio Bermejo, y occidental del gran 
N Parana, los pocos Indios que ſe hallan en la Juriſdicion de San- 
tiago del Eſtero, teniendo por unico exercicio el ſacar Miel y 
Cera de los montes, de la que hay una cantidad prodigioſa en 
los arboles, deſcubrieron en el medio de un campo un trozo 
de metal que llamaron fierro puro, 7 que ſobreſalia de la tierra 
por una banda coſa de un pie, y fe vela quaſi. toda ſu cara 
ſuperior : anuncioſe a los Virreyes del Peru, como un deſcubri- 
miento raro, y con razon al parezer, pues donde no hay mon- 
tañas, ni la mas pequena piedra en cien leguas al rededor, una 
coſa ſemejante merezia el nombre de maravilloſa, ſin embargo 
de conſtar haber en Europa minas de fierro puro. Hubo parti- 
culares que con rieſgo eminente de ſus vidas, ya por la eſcaſez. 
de aguas, que no hay ſino la que en tal qual cavidad natural ſe 
recoje de las Ilubias, ya por la eſcazez de viveres, ya por el 
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ſetenta leguas de la Reduccion, es mui curiofa; una lanura im- 
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rieſgo de los Indios barbaros, ya por los varios atimales ferozes, 
como Tigres, Leopardos y Antas, ya por los muchos reptiles 


ponzonoſos, ya enfin por las infinitas eſpeſuras, ſe arrojaron, 


quiza ſeducidos de la codieia, 4 bazer la trabeſia para extraher 
algo de la materia: remitieron de ella à Lima y Madrid, donde 
no ſe adelantò otra coſa que ponerla el nombre de fierro mui 
dulze y mui puro. Como que el fierro, por razon politica, no ſe 


trabaja en aquel. continente, aunque de el hay muchas minas, 


y como que ſe aſeguraba que la veta del fierro corria muchas 
leguas, fiendo ali que lo viſto ſolo era un creſton ſobreſaliente 


4 la tierra, y que deſpues de eſcavado tenia tres varas de N. AS. 


dos y media de E. al O. L una terzia de alto, me deſtinò el 


. Virrey del Rio de la Plata a que  examinaſe prolijamente la dicha 


maſa, y en el caſo de ſer mina, y util, proyectaſe ſobre Poblacion. 
Sali con competente eſcolta, a principios de febrero de ochenta 7 
tres, del Rio Salado, antigua reduccion de los Indios Vilelas, 


ſiguiendo el Rumbo de E. 1 N. E. bien 2 que debi ſeguir 4 del 
E. 18. E. todo corregido. 


El aſpecto del pais que media entre el Rio y la bes, Siſta 13 


menſa, alternada de montes ef] peciflimos y cam yu fertiles, forma 


la mas agradable perſpectiba. 


Obſervè la latitud de la miha 27 gr. y 28 min. 
No hay Poblacion alguna en toda la traveſia, por eſcaſes 4s b 
aguas manantiales: : la que gaſtan los meleros, que en pequetias 

caravanas reſiden la maior parte del ano meleando en los montes, 


es la llovediza como ſe ha expreſado. Eſtos y algunas tribus de 


Indios errantes y barbaros, cuia vida es ſemejante a la de los 


Tartaros, que en cierta eſtacion del ano vienen de las marjenes 
del Rio Vermejo a cabar o ſacar una raiz filveſtre Ilamada Koruu : 


que ſolo la maſcan continuamente, fiendo para ellos de primera 
neceſſidad 


Fl 
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8 
- infeſtada, como de las mordeduras continuas de los reptiles ponzo- 
d noſos : ſon las unicas gentes m” ſe hallan « en eſtos dilatadiſſi- 
er mos y amenos Campos. TT 
Je El quinze lleguè a los „ de Otumpa, donde ſe hal- 
wn Lava la maſa quaſi enterrada en pura greda y cenizas. 
ſe Lua apariencia exterior era de fierro perfectamente compacto; 
—- no aſſi la interior, como puede verſe en las cavidades que mani- 
a8 _ ieſtan los cortes de los pedazitos, lo que induze à creer haber 
te eſtado liquida en algun tiempo: fortifica eſta idea una porcion 
8. de trazas exteriores en la parte ſuperior; ſe hallan las de pies y 
1 manos de Hombres de crecida eſtatura, las de pies de varios 
2 paxaros grandes communes en aquellos campos: y aunque 


perfectas las tales trazas no dejo de perſuadirme a una de dos 
coſas, obien que ſea un capricho 6 accidente natural, obien 
que en el ſuelo, antes de caer alli aquella maſa, exiſtieren las tal- 
es huellas, y que en la caida de la maſa liquida hubieſen reſul- 
tado en la parte ſuperior. A nada ſe aſemeja tanto como a un 
amaſijo de pan que, deſpues de haberſe en el eſtampado pies 
manos y metido un dedo, ſe hubieſe ferrificado. 
Empeze & cortar con los cinceles, y para facar veinte y cinco, 
treinta hbras, fue neceſſario romperlos todos en numero de 5 
ſetenta. 
Hize cavar al rededor del trozo, quien por la parte inferior 
tenia una capa del grueſo de quatro ò ſeis pulgadas de eſcoria, 
procedida de las humedades de la tierra; por la ſuperior eſtava 
limpio. a 
Deſprendido de la tierra, le hize dar una media buelta con pa- 
lancas, y cabe en la camaa baſtante profundidad. No contento 
conſtrui dos hornillos, que vole, y con cuidado examine la 


tierra mas profunda, y la balle perfectamente ſemejante a la 
7 2 ſuperior, 
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ſuperior, a la de todos aquellos campos, ya 1a de dos pozos que 
hize abrir a diſtancia de ſeſenta © cien paſos del trozo y direc- 
cion del E. O. 0 | 
El no encontrar raiz ni ſerie de generacion, avivs mas la 
admiracion mia, y empeze. a diſcurrir de eſte modo. 
O eſta maſa ſe crio aqui, o fue tralda ò arrojada? Criarſe aqui 
no es poſible, ſegun el conocido proceder de la Naturaleza: ſer 
trahida de donde, para que, d como? de donde, no haviendo 
en centenares de leguas minas de fierro, ni memoria'de que ſe 
hubieſen trabajado en el Reyno? para que ? fiendo de una ma- 
teria ſin eſtimacion, no pudiendoſe uſar, y ſiendo aquel un ter- 
reno el mas eſcuſado o inavitable de todo el Chaco, por la eſcaſez 
de aguas; como? no teniendo noticia de que los Indios hayan 
conocido jamas las maquinas de acarreo; ; en * habra fido 
5 „ por algun volcan. 
Las razones que induzen a creer eſto ſon varias. Rigulbe- 
mente los volcanes dejan deſpues de volados algunos pozos de 
agua, unas vezes termales, y otras frias : al E. del trozo, y diſ- 
tancia como de dos leguas, fe halla vna aguadita baſtante 
ſalobre vnica y manancial por todo aquel pais. Eg todo lo que 
caminè del Chaco no obſerbè a la viſta diferencia ninguna de 
nivel en el terreno: ſolo en la imediacion à eſta aguadita hay 
vna rampa que corre N. S. y que por particular ſeme hizo no- 
table antes de ver el trozo. Graduando poder tener de diferen- 
cia de nivel con el reſto del pais de quatro ò ſeis pies: las 
imediaciones a la papa ò trozo, y ala aguadita, eſtan cubiertas de 
una eſpecie de tierra menuda como la ceniza, y quaſi de ſu color: 
el Paſto de eſtas imediaciones, llamado Ahuvi, es ſumamente 
pequeno, delgado, y aborrecido de los animales, afi como mui 
alto y mui grato a ellos el que eſta algo ſeparado del trozo y de 
la aguadita: a pequena profundidad en eſta ſe encuentran unas 
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piedras — de un encarnado hermoſo, 4 que TR 45 los 
meleros ſolo para encender fuego : hay noticia de haber aquellos 
trahido tres pequeñas por particulares en fu color, y unas pintas 
doradas; una de ellas del peſo de una ohza vino a poder del Go- 
vernador de Armas de Santiago del Eftero, quien me dijo haberla 
echo moler, y me moſtrò mas de un adarme de oro que de ella 
ſe havia extraido- Es indudable que entre aquellos immen ſos 
boſques exiſte un Arbol con ſus ramas de puro fierro; ſon mu- 
chos los Indios que le han viſto, y los de la reduccion llamada de 

Avipones | ſaben ſu verdadero lugar: un Europeo diſtinguido 
vez ino de la Cuidad de Salta lo ha tocado: la caida o inclinacion 
del trozo es del E. al O. haviendo dejado vna eſpecie de corte 
al E. cuia direction es N. S. de eſte corte es de donde ſe pudieron 
extraer eon cinceles los pedazitos de metal : luego con eſtos 
antecedentes no es violento formar eſta Vpoteſi. 
; Voloſe el volcan en la aguadita ſalobre, lebantò vna porcion ; 
de tierras que por fu poca gravedad ſe quedaron en la ĩmedia- 
cion; aunque al principio amontonadas, las continuas aguas del 
Chaco, que ſe halla inundado la terzera parte del ano, las ha 
ido igualando con el otro terreno: la direccion de la materia 
grande arrojada fue del E. al O. y como peſada alcanzo a la 
diſtancia en que ſe encuentra: alguna otra porcion de materia 
mas pequeña, y acaſo mas fluida, ſe ſeparò a otro rumbo, haciendo 
canales, al modo que quando ſe arroja un baſo de agua; eſta pe- 
queña materia ya fria, y lamida con las aguas la tierra que al prin- 
cipio la ſoſtenia, devio de formar lo que hoy ſe llama arbol de 
fierro: las materias ſalitroſas y antimoniales, que accompanan de 
ordinario a todo mineral, devieron — eſparcirſe y in- 
fertelizar los contornos. 

En el Reyno de Santa Fee de Bogoth ſe encuentra la Platina 
en polbo meſclada con el oro: pocos ignoran la mucha afinidad 
Vol. LXXVIII. 8 5 que 
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| que 0 tienen ſts dos metales, con que no ſeria extraño, ſegun el 
corjjunto de todas eſtas razones, que el fuego del volcan hubieſe. 
derretido la Platina, y arrojadola como materia ſuperior a la 
de oro, que: era inferior. Eſte principio de los volcanes es el mas 
natural para comprobar el porque ſe hallan tambien ſueltas las 
afamadas papas de Plata de Guantajaia, ſobre cuia nen ; 
ſe han dicho exquiſitas extravagancias y ridiculezes. 
Cubicado ſobre poco mas o menos, reputando la 3 ex- 
pecifica del metal algo maior como lo es que la del . ven- 
drà a n mas de treſczentos quintales. | 


| EI Cav: MIG. RUBIN DE CELIS. 
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R. Iſla de Leon, 
2 de Junio de 1786. 


Some ſpecimens of the 3 accompanied this Paper, and 


were laid before the Society; who afterwards preſented them | 
to the Britiſh Muſeum. C. B. | 
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10. Farconzric Exrzzinzxrs 0 ON THE MECHANICAL Ex- 
Axsfox or Ain, explaining the Cauſe of the great Degree of 
Cold on the Summits of . high Mountains, the ſudden Condenſa- 
tion of aerial Va apour, and. of the perpetual Mutability of 9 
atmoſpheric Hear. By Eraſmus Darwin, M. D. F. R. as 
eee 125 the Right | Honcurable Charles Greville | 
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| - org often revolved in my mind the-great degree of + - oh 
cold produeible by the well known experiments on 
evaporation; in which, by the expanſion of a few drops of 
ether into vapour, a thermometer may be ſunk much below 
the freezing point; and recollecting at the ſame time the 
great quantity of heat which is neceſſary to evaporate or con- 
vert into ſteam a few ounces of boiling water; I was led to, 
ſuſpect, that elaſtic fluids, when they were mechanically ex- 
| panded, would attract or abſorb heat from the bodies in their; 
vicinity; and that, when they were mechanically condenſed, 
the fluid matter of heat would be preſſed out of them, and _ 
_ diffuſed among the adjacent bodies. z 
As this principle might. poſſibly be — to claſti old 
bodies, as well as to fluid ones, and explain the cauſe of the 
heat occaſioned by percuſſion or friction, and by ſome chemi- 
cal combinations, as well as the perpetual mutability of it in 


1 the 
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- the atmoſſ phere, I have, at different times, endeavoured to ſub- 
Jeg it to experiment. | 388 
. 1. When Dr. HouTToN of Edinburgh, and Mr. EDGE - 
—— worTn of Edgeworthtown in Ireland, were with me about 
twelve or fourteen years ago, the following experiment, which 
hid been propoſed by one of the company, was carefully 
made, The blaſt from an air-gun was repeatedly thrown on 
the bulb of a thermometer, and it uniformly funk it about two 
degrees. The thermometer was firmly fixed againſt a wall, 
and the air-gun, after being charged, was left for an hour in 
its vicinity, that it might previouſly loſe the heat acquired i in 
the act of charging; the air was then diſcharged in a conti- 
nued ſtream on the bulb of the thermometer, and the event 
ſhewed, that the air at the time of its expanſion attracted or 
abſorbed heat from the mercury of the thermometer. 
In March 1785, by the aſſiſtance of Mr. Fox and Mr. 
Srzurr, of Derby, a thermometer was fixed in a wooderr 
tube, and ſo applied to the receiver of an air gun; that, on dif- 
5 charging the air by means of a ſcrew preſſing on the valve 
of the receiver, a continued ſtream of air, ät the very time of 
its expanſion, paſſed over the bulb of the thermometer. This 
experiment was four times repeated in the preſence of many 
obſervers, and uniformly ſunk the thermometer from five to 
ſeven degrees. During the time of condenſing the air into the 
receiver, there was a great difference in the heat, as perceived 
by the hand, at the two ends of the condenſing ſyringe ; that 
next the air-globe was almoſt painful to the touch; and the 
globe itſelf became hotter than could have been expected from 
its contact with the ſyringe. Add to this, that in exploding 
an air- gun, the ſtream of air always becomes viſible, which i is 
owing to the cold then produced 8 the vapour it 
contained; 
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contamed; and if this ſtream of air had previouſly been more 
condenſed, or in greater quantity, ſo as not "inſtantly to acquire 
heat from the common atmoſphere 1 in its vicinity, it would 
probably have fallen in _y as in the n of Hiero, 
9 below 1 „ 

2. About twelve or —— years ago, iy u. aſſiſtance of 
Mr. WALTIE, a celebrated: itinerant teacher of philoſophy, 
x thermometer was placed in the receiver of an air-pump, and 
ſome: time being allowed, that it might accurately adapt itſelf 
to the heat of the receiver, the air was haſtily exhauſted ; 


three degrees, and after ſome minutes regained its previous 
height. In November i 787, by the aſſiſtance of my very ingenious 
friend Mr. Fonzsr EA FkkVen, the above experiment was re- 
7 peated: but with this difference, that the thermometer was open 
at the top; ſo that the diminution of external preſſure eould 
| not affect the dimenſions of the hulb; and the reſult was the 
ſame, the mercury in the thermometer ſunk two or three de- 
grees, and gradually roſs again, Does not this ſhew, "that the 
air in the receiver, being expanded during the exhauſtion, 
n or e N Tar ne: ths W in "the  therino- 
Both aoring the exhanſtich, ad duiing n elm 0 of 
the air into the receiver, a ſteam was regularly obſerved to be 
condenſed on the fides of the -glaſs, which in both' caſes was 
in a few minutes re-abſorbed. This ſteam muſt have been 
precipitated by its being deprived of its heat by the expanded 
air: if it could have happened from any other cauſe, the 
vapour could not, in both fituations, viz. of exhauſtion, and 
of re-admiſſion, have been taken up again. 
* 


3. In 


| during which the mercury of the thermometer ſunk two or 4 
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De Din edel — 
39025 In — 784, with the:affiſtance of Mr. Fox, the 
following experiment was earefullyimade. A hole, about the 
ſize of a crow:guill; was bored jnte: a; large air · veſſel, placed at 
the commencement of the prineipat pipe n the waterworks 
which ſupply the town of Derby. The water from fout 
pumps, Which,; are! worked by, a waterrwbesl;-4s: firſt thrown 
into the lower part of this air - vaſſel, aud from. thence: riſes to 
the top of Se; Michael's Church into a reſervoir, which may be 
* thirty-five.or- forty feet above: the level-of the air-veſſel. 
. TWẽ O tbermometers were previquſly ſuſpended. on the leadem 
alt · veſſel, that they migbt hecome of the ſame: temperature 
with it; and; as ſoon as the hole was opened, had their bulbs 
reciprocally applied ſo as to teceive the ſtream of ait; and the 
mercury in both of them ſunk two diviſious, or four degrees. 
This finking of the mercury; in the thermometers could not 
be aſcribed: to any, evaporation. of; moiſture! from their ſurfaces, 
becauſe, it was ſeen, both in exhauſting and re: admitting the: 
air into the exhauſſed receiver that the vapour which | it b 
viouſſy contained was depoſited duing its expanſon. _ 
4. There is a very curious Phænomenon e in tha: 
fountain» of ;Hieroz: conſtructed. on a very large ſeale in the 
Chemnicenſian mines in Hungary, which is very ſimilar to the: 
experiments above related. In rhis müchint the dir, in a 
large veſſel, is compreſſed by a column of water 200 feet high: 
a. ſtop- cock is then opened. aud as the aire ifldes- out with great 
vehemence, and, in conſequence! of its previous condenſation; 
becomes immediately much expanded, the moiſture it contained 
is not only - precipitated, as in the ethauſted receiver above- 
mentioned, but falls down in a ſhower of ſuow, with icicles, 
adhering to the noſel of the cock. This remarkable circum- 


ſtance 


* "Og f 
* , 
4 


en tze mechanical Expanſiun of Air. © 
ſtance is deſcribed at large, with a plate of the wathine, in the 
Philoſophical Tranſactions for 1761, Vol. LII. 


K 


5. From the four experiments already related; firſt, of hs 
mercury finking 1 in the thermometer, by being expoſed to the 
ſtream of air from an air-gun ; ſecondly, from its finking-in 
the receiver of an air-pump, during the time of exhauſting it; 

_ thirdly, from its finking when expoſed to a ſtream of air from 

the air-veſleT of a water- engine; and, laſtly, from the curious | 
phznomenon of ſnow and ice being produced by the ſtream of ß 4 
expanding air from the fountain of Hiero in an Hungarian 7 
mine; there is good reaſon to conclude, that in all circum- 
ſtances, when air is mechanically expanded, it becomes capable 

of attracting the fluid matter Ne heat from wie bodies 1 in 

contact with! it. ee eee 


due 7 the Summits f Mien... 


Nas as the vaſt region of air which ſurrounds q our globe is 

| perpetually moving along its ſurface, climbing up the ſides of 
mountains, and deſcending into the vallies; as it paſſes along, 

it muſt be perpetually varying its degree of heat, according to 

= the elevation of the country it traverſes : for i in rifing to the 
ſummits of mountains it becomes expanded, having ſo much 
of the preſſure of the ſuper · incumbent air taken away, and, 

when thus expanded, it attracts or abſorbs heat from the 
mountains in contiguity with it; and when: | it deſcends into 

the valley, and is again compreſſed 1 into leſs compaſs, it again 
gives out the heat it has _— to the bodies it becomes i in 
contact with. > 

The ſame thing muſt happen in reſpedt to the higher n. regions 


of the atmoſphere, which are regions of perpetual froſt, as 
3 Was 
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A was. "ow: ſuſpected, and. has of late been dathebſliated by: 
the atrial navigators. . When large diſtricts of air from the 
lower parts of the atmoſphere; are raiſed two or three miles 
high, they become ſo much expanded by the great diminution 
of the preſſure over them, and thence become ſo cold, that hail. 
or ſnow is produced from the precipitated vapour, if they con- 
tain auy: and as there is, in theſe high provinces of the atmo- 
ſphere, nothing elſe for the expanded air to acquire heat from, 
after the precipitation of its vapour, the ſame degree of cold 
continues, till the air, on deſcending to the earth, acquires 
again its former ſtate of condenſation and of warmth. 3 
The Andes, almoſt under the line, reſts 1 its baſe on burning 
ſands; - about its middle height, 1 is a moſt pleaſant and tempe- | 
rate climate, covering an extenſive plain, on which i is built 
the city of Quito; while its forehead is incircled with eternal 
| ſnow, coeval perhaps with the elevation of the mountain: 
yet, according to the accounts of ULLoa, theſe three diſ- 
cordant climates ſeldom intrench much upon each other's terri- 
tories. The hot winds below, if they aſcend, become cooled 
by their expanſion, and hence cannot affect the ſnow upon the 
ſummit; and the cold winds, that ſweep the ſummit, become. 
condenſed as they deſcend, and of temperate warmth, before 
they reach the fertile Plans of Quito. . 


Correſpondence of the Heat f the — here with the - Height 7 
the Barometer, e 


W chis ne ſome of the ſudden —_ 6; our 
atmoſphere from hot to cold, aud from dry to moiſt, may 
likewiſe be accounted for. During the laſt year I frequently | 
obſerved, that when the barometer roſe (the wind continuing, 

in 


ben —— 1 7 7 ” 1 
| in the tuns quarter, ' viz. N. E. or 8. W.) the air became many 


degrees warmer. A fimilar fact is related from MusschEx- 
BROEE, in Mr. KIRWAN's ingenious work on the Temperature 


n of, different Latitudes; vix. that in winter, when the mercury 
i in "the barometer deſcends, the cold increaſes. More accurate 
* obſervations on this fubject, when the air is ſtationary, or 
9 when the wind continues in the ſame quarter, might lead to 
oj. the diſcovery of the quantity of heat bn out of the air 
Id by a certain preſſure. 

es 


The Devaporation of aerial Moiſture. 


As heat appears to be the principal cauſe of evaporation, as 


ült well as of ſolution, and of fluidity in general, the privation of 
nal heat may be eſteemed the principal cauſe of devaporation: for 
n: I though the air may, by its own power of attraftion, or by 
liſ- means of the electricity it may contain, diſſolve and ſuſ- 
i- pend a portion of water, as water diſſolves and ſuſpends a por- 
led I tion of falt; yet, by the application of cold, theſe are reſpec- 
the tively precipitated ; and therefore heat may be aſſumed as the 
me MW immediate cauſe of theſe ſolutions. Add to this, that water 
fore boils in vacuo with leſs heat; that is, it evaporates in vacuo 


faſter or eaſier than in the open air, and therefore the attractive 

power of the atmoſphere does not ſeem neceſſary to evapo- 
ration. 5 

Now, when the barometer ſinks (from whatever cauſe not yet 
underſtood this may happen) the lower ſtratum of air becomes 
expanded by its elaſticity, being releaſed from a part of the 
ſuper-incumbent preflure, and, in conſequence of its expan- 
ton, robs the vapour which it contains of its heat; whence 
Vol, LXXVIII. H that 
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that vapour 3 ike 


cloud or province of vapour, compared with the quantity of 
heat which was neceſſary to raiſe that vapour from water, will 


tion of common ſteam- engines, in which a ſmall jet of water, 
ſteam raiſed by a comparatively very great quantity of heat 


the principles before eſtabliſhed: if a ſmall part of a province 
of vapour be ſuddenly condenſed, a vacuity takes place, and 
the contiguous walls of vapour expand themſelves into this 


this expanſion cold is produced (chat is, its capacity of receiv- 
ing heat is increaſed), and the whole is devaporated. 


ſteam-engine of Meſſ. Warr and BouLToN ; ; which, from 
the happy combination of chemical and mechanic power, may 
juſtly be eſteemed the firſt machine of human invention. In 


— 


ed, and eee in ſhower 
as ĩs viſible in the receiver of an ar-Bump above mentioned. 
There are, however, two other curious circumſtances be- 
Jon ging to the devaporation of ow: 2 have not Irre 
perhaps much attended to. 


Firſt, that the deduction of a (mall 3 of hob from: a 


devaporate the whole. This circumſtance is evident in the opera- 
whoſe heat is often aboye. 48 degrees, perpetually devaporates the 


under the boiler. This difficult problem is explicable from 


vacuity; and thus a large area of vapour, perhaps of many 
miles in circumference, becomes more or leſs expanded; by 


This very circumſtance exactly takes place in the "RIS 


this excellent machine, after the cylinder is filled with ſteam, 
a communication is opened between this reſervoir of ſteam and 
a ſmall cell, which is kept cold by ſurrounding water, and 
free from air by an. air-ſyringe adapted to it. What then hap- 


pens? The corner of the ſteam in the cylinder next to this 


vacuum (with which it now communicates) ruſhes into it, 


and the whole ſteam in the cylinder is thus ſuddenly expanded, 
and 


= — Ftv..." E 
and inftantly devaporated : whence the very quick recipro- 
cations of the piſton ; and that, though the cylinder itſelf is 
always kept as hot as boiling water, that f wir as "me as the 
ſteam was previous to its devaporation. 

Something very ſimilar to this is often ini at PR com- 
mencement of thunder-ftorms'; > a ſmall black cloud at firſt 
appears, in a few minutes the whole heaven is covered with 
condenſing vapour, and the accumulation or eſcape of electric 
matter ſeems to be rather the conſequence than the cafe of 
this ſudden and general devaporation. * 


A ſecond curious circumſtance of atrial. dorapition- is, 


each other by the diminution of their heat, they do not gene- 
rate water exactly in proportion to ſuch diminution of heat; 
but the condenſation proceeds further, and not only: a greater ; 
quantity of water-is produced; but alſo a quantity of heat is 
ſet at liberty along with this exceſs - of devaporation, and the 
atmoſphere becomes warmer than before the beginning con- 
denſation. This exceſs of devaporation beyond the cold which 
produced it, is probably owing to the acquired momentum of 
the aqueous partieles towards each other at the beginning 
of their condenſation, which carries them till nearer each 
other; and to the ſmall moleculæ at firſt formed, poſſeſſing a 
greater attractive power over the uncondenſed vapour in their 


vicinity, and thus preſſing out more of the latent or combined 
heat. 


| Conc l, uſion .. 


1. When a ſmall portion of air, ſuppoſe a few acres, be- 
comes ſuddenly contracted into a leſs compaſs, either by inci- 
0.3. dental 


that when the particles of aqueous vapour begin to approach Fs 
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8 - 'Dr. Dann 8 
combination of dephlogiſtic and inflammable gaſes), the air 


next in vieinity ſuddenly expands itſelf to occupy the vacuity ; 


parted with its vapour. This then gives occaſion to the next 
cireum- ambient portion of air to go through the ſame proceſs, 
that is, to expand, attract the heat from its vapours, devapo- 
rate, and then become compreſſible into leſs ſpace ; and thus, 


would leave a great vacuity in that part of the atmoſphere, 


- Suppoſe this to happen to the north of our climate, a ſouth-weſt 


world would: be doubled at leaſt to its inhabitants, and the diſ. 
covery would thence be of greater _ than any that has 


8 


8 ri l Bene, "A 
dental cold, or by any other cauſe not yet underſtood (as the 


and by its expanſion produces cold and devaporates, and then 
becomes compreſſible into leſs ſpace than it occupied before it 


from a ſmall and partial contraction or diminution of air, it 
ſeems poſſible to devaporate a great province, 5 
2. The vapour of a great province of air being thus condedibs, 


which would be ſupplied by winds ruſhing in on all ſides. 


wind would be produced here, which is otherwiſe very difficult 
to underſtand: and if it ſhould ever be in the power of human 
ingenuity to govern the courſe of the winds, which probably 
depends on ſome very ſmall cauſes; by always keeping the under 
currents of air from the S. W. and the upper currents from the 
N. E. I ſuppoſe the produce and comfort of this part of the 


yet occurred in the annals of mankind. 


' November 22, 1787. 
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v. Some Obſervations on on the Heat +1 Wells and Springs in the 
Wand of Jamaica, and on the Temperature of the Earth - 
below the Surface in different Climates. By John Hunter, 
M. D. F. R. S.; Communicated by a: Hon. Henry Cavendiſh, 
F. w oY 0 


© Read Deceniber TY 1787: 


| 1 0 THE HON. MR. CAVENDISH. 
SIR, 


HE following eliſirvitticus on ths heat of ſprings and 
1 wells, and their application towards determining the 
mean temperature of the earth in different climates, were ſu g 
geſted by you in ſome converſation on that ſubject, previous 
to my going to Jamaica in 1780. If you think them deſerving 
the attention of the Royal Society, I muſt beg the favour of 
* to lay them before that learned Body. 


1 bave the honour to be, as 
JOHN HUNTER. 


Charles-ftreet, 
Dec. 11, 1787. 
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* 54 "ws "De. Hon g . omen 7 On the Heat | 
_- bs HE great difference between thee emperature of theopen air, 
F and that of deep caverns or mines, has long been taken notice 
of, both as matter of curioſity and ſurprize. After thermo- 
meters were brought to a. tolerable degree of perfection, and 
meteorological regiſters were kept with accuracy, it became a 
problem, to determine what the cauſe was of this difference 
between the heat of the air, and the heat of the earth; for it 
was ſoon found, that the temperature of mines and caverns 
did not depend upon any ching peculiar to them; but that a 
certain depth under ground, whether in a cave, a mine, or a 
well, was ſufficient to produce a very ſenfible difference in 
the heat. In obſervations of this kind, there was perhaps 
nothing more ſtriking, than that the heat in ſuch caves was 
nearly the ſame in ſummer and winter; ; and this even in 
changeable climates, that admitted of great variation between 
the extremes of heat in ſummer, aud cold in winter. There 
is an example of this in the cave of the Royal Obſervatory at 
Paris. The explanations, which have been attempted of this - 
phænomenon, have turned chiefly upon a ſuppoſition, that 
there was an internal ſource of heat in the earth itſelf, totally 
independent of the influence of the ſun *. M. pz MAIRAN has 
beſtowed much labour on this ſubject, and by obſervation and 
calculation is led to conclude, that of the 1026 of heat (by | 
Reaumus' 8 ſcale), which he finds to be the heat of ſummer. 
at Paris, 345, oz only proceed from the ſun, and the remaining 
991%, 98 from the earth, by emanations of heat from the cen- 
ter +. The proportion therefore of heat derived from this latter 
ſource is to that of the ſun, as 29,16 to 1. It muſt be evident, 
that an hypotheſis of this kind, which renders the influence of 
the ſun of ſmall account, is directly contrary to the general 
* Vid, Maxrixe's Eſſays, p. 319. 
+ Memoir, de PAcad, des Sciences, An. 719 et 1765. 
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however, into any diſcuſſion of the data from Whence M. vx 
Maik Ax draws his concluſions, it will be more fatisfactory to 
conſider what the effect of the operation of thoſe laws of 
heat, with which we are acquainted, would _— > 

And firſt, it is well known, that heat in all bodies has a 
tendency to diffuſe itſelf equally through every part of them, 


till they become of the ſame temperature. Again, bodies of 


a large maſs are both cooled and heated ſlowly. . Befides the 


maſs of matter, there are two other confiderations of much 


importance in the ſlow or quick tranſmiſſion of heat through 


bodies; theſe are their different conducting powers, and their 
being in a ſtate of ſolidity or fluidity. The conducting powers 
of beat are well known to be very various in different bodies; 
nor are they hitherto reducible to any law, depending either 
upon the denſity, or chemical properties of matter. Metals of 


3 all kinds are good conductors of heat, while glaſs, an heavy, ; 
folid, homogeneous body, is an extremely bad conductor, even 


when a metallic calx enters largely into its compoſition, as in 
flint-glaſs. A ſtate of fluidity greatly promotes the diffuſion of 
heat; for a body in a fluid ſtate, by the particles moving rea- 
dily among each other from their different denſities or other 
cauſes, mixes the warm and cold parts together, which occa- 
ſions a quick communication of heat. To apply theſe obſer- 
vations to the preſent ſubje& ; the ſurface of the earth being 


expoſed. to the great heats of ſummer, and the colds of win- 


ter, or more properly the low degree of heat of winter, 
will receive a larger proportion of heat in the former ſeaſon, 
and a ſmaller in the latter; and being further of a large 
maſs, and of a porous and ſpongy ſubſtance, and therefore not 
quickly. ſenſible to ſmall variations of heat, it will become of a 
mean temperature at a certain depth, between the heat of ſummer, | 
3 | and 


| experience 46d vic of mankind. as; "Without TR” — 
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— 56 "Dr. Herres Obſervation on 5 the Heat | 
Aud ha cold of winter, provided it contain no internal ſourceof | 


This concluſion is ſtrictiy agreeable to the 
experiments and obſervations hitherto made, in heating and 


cooling, bodies, or in mixing portions of matter of the ſame 
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heat within itſelf, 


kind of different temperatures * Water, though i in a large 
maſs, follows in ſome degree the heat and cold of our ſummer 
and winter, from the mobility of its parts occafioning a more 


ſ peedy diffuſion of heat. Air 1s quickly ſuſceptible of heat,and 


from the expanſions produced i in it, and conſequent motions 
in the whole maſs, the temperature is ſoon rendered uniform. 
The changes i in the heat of the air are what we have meaſured, 


and we are to be underſtood to ſpeak of them, when we talk of the 


temperature « of ſummer and of winter. It may be aſked then, is 


the heat of the ſun firſt communicated to the air, and thereby to 
the earth ? No, the air is ſuſceptible of a very ſmall degree of 
heat from the rays of the ſun paſſing through it; for it is well 
known, they produce no heat in a tranſparent medium, and 
conſequently, that the air is only ſo far heated as it differs from 


a. medium chat is perfectly tranſparent, The heat produced by 


the rays of the ſun bears a proportion to their number, their 


duration, and their falling more or leſs perpendicularly; and 


it takes. place at the points where they ſtrike an opaque and 
non reflecting ſurface, The ſurface of the earth may there- 


fore be conſidered as the place, from whence the heat proceeds, 
which is communicated to the air above, and the earth below. 
That this is really the caſe is evident from the ſuperior degree of 
heat, produced by the action of the rays of the ſun upon an 
opaque body, which will often be heated to 1 50% (Fauren- 

HEIT), while the temperature of the air is not above 90 +. 
It may ſeem, therefore, that to meaſure the heat communicated 


Vid. Dx Luc Modifications de lAtmoſphere, Vol. I. p. 28 5. 
+ Max rixz's Eſſays, p. 309. : 
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to the warts; it ſhould'be done atithe ſurface, where the aca 
of the rays immediately. takes place. But though the heat be 
produced at the ſurface, it ĩs communicated freely to the air as 
well as the earth; and though the apparent intenſity of heat be 
greater in the earth, from the rays of light acting for a longer 
time upon the ſame parts of matter, yet there is little doubt 
that much the greater part is carried off by the air, which as 
it is heated flies off, and allows a freſh portion of cold air to 
come in contact with the heated ſurface. But till it is imma- 
terial, whether the heat of the ſun be excited more in the earth or 
in the air; for whichever has the larger proportion will in the 
end communicate a part to the other, and ſo reſtore the balance. 
The fame obſervation applies to ſuch cauſes of cold as may 
operate at the ſurface of the earth, as evaporation, and that 
taken notice of by Mr. W1rson *. The air, therefore, near the 
| ſurface of the earth will ſhew by a thermometer in the ſhade 

nearly, if not exactly, the ſame degree of heat that the ſun 
communicates to our terreſtrial globe; and if a mean of the 
| heats thus ſhewn be taken for the year round, and we pene- 
trate into the earth to that depth, that it is no longer affected 
either by the daily, monthly, or annual variations of heat, 
the temperature at ſuch depth ſhould be equal to the annual 
mean above mentioned. To aſcertain this with the utmoſt pre- 
| cifion, it muſt be obvious, that numerous obſervations ſhould 
be made every day, correſponding to the frequent changes of 
temperature, which are known to happen in the courſe of the 
twenty-four hours in all climates; and upon theſe a daily mean 
ſhould be taken, and the annual mean deduced therefrom. 
This has not yet been done, but where we have obſervations 
from which a mean temperature can be deduced with any de- 


gree of certainty, it will be found not to differ greatly from 


* Vid, Phil. Tranſ, Vol. LXX. p. 451. and Vol, LXXI. p- 386. 6 
Vor. LAX VI ” 0 the 
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the heat of deep caves, or wells in the ſame climate. If . 
ther experience and obſervation ſhould confirm the above opi- 
nions, it will be attended with this advantage, that we ſhall 
be poſſeſſed of an eaſy and ready method of afcertaining the 
mean temperature of any climate; which, with a few obſerva- 
tions of the extremes of beat and cold at particular ſea- 

ſons, will teach us as much of the country, with regard. to 

| heat and. cold, as: the * —„ obſervations of ſeveral 


For ne the temperature of the earth the belt 8 
vations are probably to be collected from wells of a conſidera- 
ble depth, and in which there is not much water. Springs 
iſſuing from the earth, although indicating the temperature of 
the ground from | whence they proceed, are not ſo much to be 
depended upon as wells; for the courſe of the ſpring may be 
derived from high grounds in the neighbourhood, and it will 
thence be colder ; it may run ſo near the ſurface as to be liable 
to variations of heat and cold from ſummer and winter; or it 
may be expoſed to local cauſes of heat in the bowels of the 
earth. Wells ſeem alſo better than deep caverns, for the 
apertures to ſuch are often large, and may admit enough of the 
external air to occaſion ſome change in their temperature. 
Wells are not, however, to be met with in all places, and in 
that caſe we muſt remain ſatisfied with the temperature of the 

ſprings. | 
The following obſervations were made in the Iſland of Ja- 
maica, where there are flat lands in many parts towards the 
coaſt, but all the interior part of the coyntry is mountainous. 
The heat is greateſt in the low lands, and decreaſes as you 
aſcend the mountains. The town of Kingſton is ſupplied with 
water from wells. The ground on which it ſtands riſes with 
I a gentle 
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gentle Pon as you recede from the ſea. In the low part of 
* town the wells are but a few feet deep, and many of them 
brackiſh. The heat of the water in ſome of them I have 
found as high as 82; but they were evidently too near the 
ſurface not to be affected by the heat of the ſeaſons. As you 
aſcend, the wells are deeper, and the temperature is nearly $0? 
in all of them. What variations there are, come within one 


degree, that 1 15, half a degree lefs than 80 or half a degree 
more. They are of different depths, and ſome not leſs than 


100 feet; though, after they are of half that depth, the tem- 
perature is nearly uniform. At the Governor's Pen, which is 


alſo in the low mt: of the country, a well, which ! is above 


60 feet deep, i is 79H. There 1 isa well at Half-way-Tree, 243 


feet deep, which is 79*. Half-way-Tree is two miles from 
Kingſton, with a very gentle aſcent. Near Rock-Fort 1s a ſpring, 
immediately at the foot of the long mountain, which throws 
out a great body of water; the heat of it is 79%. All the places 

mentioned are but very little above the level of the ſea, pro- 
bably not more than the depth of the wells at the reſpective 
places; for near Kingſton there are ſprings that appear juſt 


below the water · mark of the ſea, and thoſe that ſupply the 


wells are probably upon the ſame level. 


The temperature of the air at Kingſton admits but of ſmall 


variation. The thermometer, at the hotteſt time of the A, | 


and during the hotteſt ſeaſon of the year, ranges from 8 5 to 


9⁰⁵ ; in the cooleſt ſeaſon, and obſerved about ſun-riſe, which 
1s the coldeſt time in the twenty-four hours, it ranges from 


o to 77%. I have ſeen it once as low as 69®, and two different 
/ 77 95 


times as high as 91% The annual mean temperature cannot, 


therefore, either much exceed, or fall much ſhort of, 800, as 


indicated by the wells. 3 
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by the Hoh. Mr. SzewELL, Attorney General of the Iſland. 


1 s, in St. John's pariſh, 75". 


the level of the ſea. On the road to it, and about a mile be- 


— 
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bo Wy De Roser 5 Obſervations on | the Heat | 
The following ſprings were examined with much cena 


 Ayſcough”s ſpring, on the . from een Town: to 


Puſey's ſpring, till higher in he mountains, 71. 
A ſpring near the baracks at Points Hill in Non John 8 
pariſh, 1 

The thermometer in the ſhade at puſeys 8, dual part of 
the month of June, was found to range from 69˙1 to 79 1. 
It was obſerved both late at _ and oY in Wo: nnn ; 


before ſun- riſe. 


The ſpring i in Brails ford Valley, about ten mllen above "Ng 


niſh Town, is 75% The ſpring at Stoney Hill * 1s Lag . © Theſe 


were examined by Mr. Homs. 
Mr. WaLLEN's houſe, at Cold Spring, ſtands thi higheſt of 


any in the iſland. By a meaſurement, faid to have been made 


by Mr. M- FaRLANE, it is reported to be 1400 yards above 


low Mr. WALLEN' s houſe, there is a ſpring that iſſues from 
the ſide of the hill, of the temperature of 65%. 


Cold Spring, 


which gives a name to the place, is about fifty feet below the 
houſe, and the heat of it is 619%, The thermometer in the 


ſhade at Mr. Warren” 5 houſe, for fome days in the month of . 


April, ranged from 57* to 67. It may be remarked, that the 


higher the ſprings the colder they are; and, as far as a con- 
jecture can be formed from ſo few obſervations, they would 
appear not to differ much from the mean temperature of their 
reſpective places *. 


It will not be out of place to add ſome obſervations made in 


England, relative to the ſame ſubject. The wells in and 


* The thermometers made uſe of were all made by Mr. RAMs DEN. 


3 | | about 


Nell and Springs in Jamaica. Gr 
about London ate either of no great depth, or are full of 
water, which are both conſiderable objections to their giving a 
mean temperature. The want of depth will make them ſub- 
ject to the variations of the ſeaſons; and a large quantity of 
water, even in a deep well, will take the temperature of the 
air more or leſs: for any change of temperature communi- 
cated at the ſurface will, from the fluidity of the water, be 
_ readily diffuſed through the whole. I ſuſpect it is owing to 
this cauſe, that the wells in the neighbourhood of Brighthelm- 
ſtone vary from 50" to 525, for thoſe were the higheſt that 
had moſt water in them. My obſervations were made in ſum- 
mer. Theſe wells are of various depths, from 15 to 150 feet. 
That Which I always found the coldeſt is not more than 
22 feet deep; I never found its heat greater than 500. It is 
near the beach, and is a tide well, that is, the water in it 
riſes and falls, and in ſo doing does not correſpond exactly 
with the tides, but follows them with an interval of about 
three hours. At the loweſt there is not more than a foot of 
water in it; and it may be conſidered as a ſubterraneous ſpring 
running through the bottom of the well. There are in fact 
numerous ſprings that break out- upon the ſand, a few feet 
above the low-water mark, which are doubtleſs the ſame that 
ſupply the wells. As we are not acquainted with' any cauſe 
that produces cold in the bowels of the earth, we muſt neceſ- 
farily in every climate, conſider the loweſt degree of heat as 
approaching neareſt to the mean temperature; and therefore 
we cannot conclude the mean temperature at Brighthelmſtone 
to be more than 50%. The mean temperature of London is 
computed about 52 * but Brighthelmſtone is nearly fifty miles 
farther ſouth than London, and is immediately upon the ſea, 


* Kixwan's Temperature of. different Latitudes, p. 73. 
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Dr. Hun TER'S. s Obſervations on the Heat 


and muſt therefore be at leaſt as warm as London. It is evi- 
dent, that the obſervations from which the mean is taken, 
muſt generally contain more of the extremes of heat than of 
cold, as the former happen in the day-time, and the latter in 
the night, in conſequence of which they will often eſcape 
notice. There is a table conſtructed by Dr. HzBerDEN *, ex- 
preſſing the heat in London for every month in the year, 


from a mean of ten years beginning with 1763, and ending 


with 1772. The mean temperature is given both at 8 A.M. 


and 2 P. M. There is further in. the table, a column of the 
mean of the greateſt monthly colds in the night, obſerved 
during the ſame ten years by Lord CHARLES CAVENDISH, in 
Marlborough-ſtreet. There will not probably be any great 
error in conſidering the heat obſerved at 2 P. M. as the greateſt 
daily heat; and taking a mean btween the greateſt heats of the 
day, and greateſt colds of the night, they give 49% 196 for an 
annual mean, which is much lower than is commonly ſup- 
| poſed. At the houſe of Geores GLENNY, Eſq. near Brom- 
len there i is a well ſeventy-five feet deep, which I found in 
November 49*5.. M. pz Mairan has given a table of the 
greateſt heats and greateſt colds obſerved at Paris for fifty-fix 
years, beginning from 1501; and a mean of them is 105 
above freezing, or 1010, of REAuMon's ſcale +, The tempe- 
rature of the cave of the Obſervatory where thoſe obſervations | 


were made, is 10*4 above freezing, by the ſame ſcale of REAv- 
MUR. There appears not therefore any neceſſity for an in- 
ternal heat; on the contrary, it is matter of demonſtration, 
that were there any ſource of heat in the earth which was not 
equally in the air, the heat of the interior parts ought to be 


* The Table alluded to 8 this Paper. 
+ Mem, dell' Acad. des Sciences, An. 1765, p. 202. 1 
| higher 


* Wells and Springs in Jamaica - 63 
higher than a mean: and did the central heat ber as high a 
proportion to that of the ſun as M. ve MaiRAN alledges, the: 
heat of the earth itſelf ought to be a great deal 'above the mean 
temperature of the air, which from obſervation there is no 
ground for believing. It is eaſy to ſee the ſource of M. vs 
MairaN's error; he has founded his- calculations upon the 
ſcale of REAUMUR, and conſiders the degrees of his thermo - 
meter as marking the real proportions, and abſolute quantity of 
heat. It is a matter that cannot be denied, that we know 
nothing of the abſolute quantities of heat; and that the: de» 
grees of our thermometers are only to be conſidered as a few: 
of the middle links of a chain, the length of which we are 
totally ignorant of, and therefore in no condition. to compare 
its proportional parts. It deſerves, however, to be remarked,. 


that obſervations of a late date have ſhewn, that the notions 


of cold upon which REauMuR's ſcale was conſtructed, and 
upon which M. pz 'Maizan's calculations. are founded, are 
imaginary and. without foundation Tx. 
Hot ſprings and volcanos may be produced as * of the- 5 
exiſtence of an internal ſource of heat in the earth; but their. 
operation appears to be limited to a very. ſmall extent, and. 
ſcarcely deſerving of notice in the preſent diſcuſſion. It is no 
uncommon thing to find - ſprings. of the uſual temperature 
_ Cloſe by hot ſprigs; ; and no. volcano, with which we are yet 
acquainted, appears to have raiſed the temperature of the- 
country immediately adjoining to it. 

The ſea admits of change of temperature more quickly than 
the earth, particularly near the ſhore. The mean heat of the. 


'* Vid. Memoir. de PAcad. des Sciences, An. 1765, p. 143+. 


+ Vid, Phil. Tranf, Vol, LXXIII. p. 303. 303. and 329. * 
* 5 ea. 
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HENRY ENGLEFIELD examined the 


about 4 P. M. of a very hot day. I may be allowed to remark, 
that ſea-bathing i is a very different thing at different ſeaſons of 


64 Dr. „ 8 Ohe valle on the Heat 


ſea at Brighthelmſtone, during the months of Ju, Auguſt, 
Wn and h 2 as follows : 0 3841 


Joly 


' 


t.. „ ooo pb: 4 
- _ _ September 58 | 
October 5 3˙ #: 


The obſervations were made with a view to tin the 


temperature of the ſea as a bath, and therefore the heat was 
taken about nine in the morning, and near the ſhore, the 
uſual time and place of bathing. The water gets hotter 


towards three o'clock in the afternoon, ſo that it not only fol- 


lows the monthly, but even the daily changes of the . 
ture of the air. In the four months juſt mentioned, the ex- 


tremes of heat and cold are confiderable : I have ſeen it as bet 
as 71%, and as cold as 49% In the month of Auguſt laſt, Sir 


heat of the ſea 
the ſame time that I did, and we both found it 717: it was 


the year, and requires an acquaintance with the variations of 


the temperature, to adapt ĩt to particular caſes. 


It were to be wiſhed, that the heat of wells and ſprings were 
examined at different ſeaſons 'of the year, in order to aſcertain 
the effect of ſummer and of winter upon them. The 


wells at New Vork are from 32 to 40 feet in depth, and Dr. 


NoorH found them to have an annual variation of two degrees. 


from 54 to 565. There are few countries, in which the annual 
range of the thermometer is greater than at New Vork, and 


the neighbouring parts of America. In the ſummer it is often | 


as high as 96˙, and in winter it has been obſerved ſeveral de- 


grees below the zero of FAHRENHEIT s ſcale. 
The 


* 
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\ 

& / <4 

— > g 


9 of Wells and Springs in Jamaica. 67 
We may, I think, from all the obſervations we are yet in 
poſſeſſion of, conclude, that there is at preſent no ſource of 
heat in the earth, capable of affecting the temperature of a 
country, which is not derived from the ſun; and that the 
earth, whatever changes of temperature it may be conjectured 
to have undergone in former periods, is now reduced to a mean 


of the heat produced by the ſun 1 in different ſeaſons, and in dif- 
ferent climates. 


Vol., LXXVIII. 
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Vi A Table 7 the mean Heat FO every Month for Ten Years in 


| 
| 5 London, rom 1763 to 1772 melufively. By TER 
= | Heberden, M. P. F. k. 8. and 4.S. 2 
—_— Read January 3's 1788, „„ 
_ Ks FR 8 A.M. ED At 2 p. N. Ten Night. 
| 0 TY N . 5 7 0 
12 | January 29 3 34-7 
: 10 February ) 36.6 
, | March 37.1 
| 1 41.3 
| 2 
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EXPLANATION ar T HE TABLE, 


t === The firſt column of figures denotes the order of the months 
in according to their degrees of heat, beginning with Auguſt, in 
which the heat is greateſt. J 
The ſecond, and third, are the heats marked at the hour ex- 
preſſed at the top of each column, and the fourth 1s the mean 
between theſe two. 
MR The laſt column is the mean of the greateſt cold at night, 
We ih . obſerved in Marlborough- ſtreet for twenty years, by the late 
oh | 5 Right Honourable Lord CHARLES CAvENDISH, 
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VII. On Centripetal Forces. By Edward Waring, M. D. 
F. R. S. Profeſſor of Mathematics at Carr bridge. > 


Read January 10, 1788. 


1. . 
' ET a curve PpN (Tab. II. fig. 1.) of which the per- 
pendiculars to the two neareſt points P and p of the 
curve are PO and pO, and conſequently O the center of a 


j circle, which has the ſame curvature as the given curve in the 


point P; draw PV and ly tangents to the curve in the points P 
and p; from S draw Sy and 85 U reſpectively perpendiculars to 


the tangents ly and PL ; and let SY cut the tangent ly i in 53 


then will ultimately bY "om P) be the decrement of the perpen- 


dicular SY =P; and the triangles and PO be ſimilar : for 


the angles POp and / V are equal, and the angles IV and 


OPp right ones; therefore PO : Pp :: N ultimately = PV: V5 
Yb * PO Yb * 


decrement of the perpendicular, whence Pp = r 


1.2. Fig. 2. ard 1. The force in the direction PS is as the 


ultimate ratio of 2 x QR (the ſpace through which a body 
is drawn from the direction of its motion in the tangent in a 


given time towards the center of force); but ultimately 2QR = 
—_ where QP is as the ſpace deferibed in a given time, and 


— 
conſequently as the velocity (v) of the body at the given 


point P, and PV the chord of curvature in the direction SP: 


K 2 EI 1.3- 


68 


Dr. Wane on 
1.3. The increment (Pp) of the fpace divided by the velo- 


city V 1s ultimately as the increment of the time, and 


= the increment of the velocity (V) divided by the force 
8 x 85 in the direction of the tangent, chat is, 7 = 


VxPVxSP, for Pp ſubſtitute ? Yb xPO and there reſults =; ow 
X 


IS 
— 


2V*xPY PY Oy 
V * PV * P. 
_ IV" 


and conſequently = r r 20 24 but . = It 
P x 7. 5 ol 


S | 


_ - 
=P, whence © * and V=* 5 where 4 is an invariable 


quantity. 

Cor. Since V xP, that i is, SY the bene ndr multiplied 
into the velocity (which 1 1s ultimately as Pp the ſpace deſcribed 
in a given time) is ultimately as the area deſcribed round the 
center S in a given time; but this rectangle =>, &- given 
quantity; 3 therefore the area, deſcribed round the center of 
force S in a.given time, will be a given quantity, and thence 
in unequal times will be proportional to the times. . 
YN 4- The ſagitta QR is ultimately as the force, when the 
time is given; and when the time is not given, it will be as 
the force into the ſquare of the time; from which expreſſion, 
by ſubſtituting for QR and the time their values, ay be de- 
duced ſeveral others. 5 

Sir Isa Ac NzwrToN has wa this propoſition with 
8 greateſt ſimplicity; and this is given to ſhew, that the 
ſame 2 may be deduced from different principles, 


PROP, IL 


1. Fig. 3. Given the relation between SP” the diſtance from 

a point 8, and SX“ a perpendicular from the point S to PV, a 
line touching a curve in the point P'; to find the relation 
; between 


Centripetal F orces. 5 69 


between Sp' and 8 (a perpendicular from the point S to P, a 
line touching the curve in the point P50: in which two curves 
PP L and ppl, the forces and velocities at any equal diſtances 


and Sy, at the above - mentioned equal diſtances SP and Sp are 
to each other in a given ratio N: u. 
In the equation expreſſing the relation between SP and SY” 


for SP” and SY” write reſpectively IF and 2 , and there re- 


ſults the equation ſought : for the ſtances SP and Sp/ being 
equal, the perpendiculars SY/ and Sy" are as N: . 5 


Ex. 1. Let 8. be the focus of a conic ſeQion, then will. 


ed 
* 1 C „ — =P, where T and C denote its tranſverſe 
he and conjugate axes, and D the diſtance SP; for 4 write 


1 
. 


whith is an equation to a conic ſection of the ſame name (vis 
ellipſe, parabola, or c hyperbola) as the given curve, of which 


7 x p, and there reſults the equation 1202 


the tranſverſe axis is T, and conjugate = W „and perpendi- 


cular from the focus to the tangent p. If T and C are infi- 
nite, and con ſequently the curve a parabola, and the equation 
1 LX D =P, then. will. the latus rectum of the reſulting equa= 


tion be beg: 


Ex. 2. 1 S be the center of the logarithmic ſpiral, then 
will the equation be a x SP =a x D=SY =P, and conſequently 


a 1 ee e . | 
the reſulting equation a * D=— xp, whence "ho DN =8m 


equation to a logarithmic ſpiral having the ſame center. 
Ex. 3. Let T and C be the ſemi-conjugate axes of a conie 
lection, and. S its center; then will the equation expreſſing 
the 


SP and Sp are equal, and conſequently the perpendiculars SY _ 


3 


| 70 Dr. Nin on. 
the relation between the diſtance D and ban e P be 
D =" *=C*; for * write as before 7 and there re- 


Ck "272 * 2 
ſults the equation D*= == 5 . an equation to a conie 
ſection of the ſame name, of which the tranſverſe and conju- 


gate diameters are reſpectively two roots (* of the equation 


5. LETS TC, becaàuſe 1 in this caſe 2 * =D. 


The ſum or difference of the ſquares of the eee ad 
conjugate diameters, in all the relulting equations, will be the 
ſame. 8 | | 
Cor. In every equal diſtance, the chord of curvature paſſing 
5 through the center of force is the ſame; for the forces i in that 
direction, and the velocities, at every equal altitude are the ſame, 


PROP. 1. 


1. Fig. 4. prey 3. Given an equation FL cxpaiting-1 * 
relation between the abſciſs SM=#x and ordinate MP = =; 


find the equation expreſſing the relation between SP V + * 
and SY =P, the perpendicular from S on the tangent PV. 
From the equation Ao find &= By, which fubſtitute for 
in the equation (* N x P= #y=xy deduced from the fimilar | 
triangles Pla, MTP, and STV, where lo & and Po=y; let 
the reſulting equation be C=; reduce the three equations 
Ao, C So, and x*+ = = SP* =D* into one, ſo that the un- 
known quantities x and y may be exterminated, and there re- 
ſults an equation expreſſing the relation between D and P. 

Cor. Hence from the equation expreſſing the relation be- 
tween x and y, the abſciſs and ordinate of a curve, can be de- 
duced an equation expreſſing the relation between the diſtance 
SP and perpendicular SY ; and from the equation exprefling 

5 | the 


1e. 


JF 7 and 5 


, Ly 4 * * . . 
o * + ** f ” ie 9K 3 I” > « 
as + 


- 
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the relation between the diſtance SP and SY can be 4300 
an equation expreſſing the relation between the diſtance Sp and 


perpendicular Sy from the point S to the tangent py of a 


curve, whoſe force and velocity at every equal diſtance is the” 
fame as in the given curve, but the direction different. 


2. Given an equation K =» exprefling the relation between 


SP =D and SY=P; to find an equation exprefling the relation 


between SM = x and PM = =y, the abſciſs and ordinate of the i, 
fame curve. 


In the given — K o for D and P write reſpetfirely 


= and there reſults a fluxional — 
v5 7+ 


Lo of the firſt order, of which the fluent expreſſes the ge- 


neral relation between x and . 


Cor. If in the given equation for P be wrote 1. „there 


reſults the equation K , which expreſſes the relation between 
the perpendicular Sy=P” and diſtance 8p =D of every curve, 
which at equal diſtances has the ſame velocity and force tend- 


ing to S; reduce the equations K De, DSV ＋ 9 and 
= £22 


— into one ſo that D and P/ may be exterminated, 
3 * *+5* N y 


and there will reſult the ſame fluxional equation of the 6rſt 
order, expreſſing the relation between x, y, and their fluxions, 


whatever may be the value of 2. The general fluent of this 


fluxional equation contains the relation between the abſciſs and 


ordinates of all curves, which have the ſame force and velocity 


at the ſame diſtance as the force and velocity in the given 
curve, 


4 N * * 3 LY ol 2 * 5 R . * _ 1 4 1 K on ji —_— 7 0 TY - 
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PROP. 1v. 


4. Let a body move in a given curve PH (fig. 6. * "of which 1 
the velocity (v) at any, point P is given: and let the forces 
3, &c. tending to all the given centers 8“, 8%, &c. 
(except two 8 and 8“) (be given; to find the forces 7 2 J* 
_ tending to the two points 8 and S', | | 
| | 425 Draw a line PO perpendicular to the tangent „y; and 
I from the given centers 8, 8/, S”, &c. draw lines S/ and Sy, 
il SV and S'y, 8“, and 800 2 3 to A | 


. 2 1 D . ** 1 2238 . 


= = &c. bs. PO is the radius of the ts. Jorke the 


© * 


ſame curvature as the curve in the point P), and © * = = fo x. 


Py x N = Kc. (obere A denotes the arc of the curve PH); 


Ja Nay data may be deduced all the quantities contained | in 
the above mentioned two equations, except 7 & and f”; and con- 


ſequently from the two given ſimple equatives be deduced the 
forces ſought F and. . 


2. Let the velocity of the body moving in the given curve 


Py / P 77 
be ſuppoſed always uniform ; 4 then nf x SF FI = X DS 
&c. = — 0. 


Ex. Let 3 Hp / be an lip, and the two foci S and | 
S the centers of forces; l then will a x 2 5 x 2. but the angle 


Spy = S'Py/ ; and conſequently 7 85 2 and F; but ſince 


—_ £0 > & We $- — — | 72 7 
= FE xf = 2f x Spe and vr a, then will / 157 570 


be the force tending to each focus. 


In 


and M“. 


HPI, &c. from the above-mentioned points, and aſſume the 


tow fe =/x f-. x Rev fre bead e f. 


— beta. 7 3 


in theſe and the ſubſequent caſes the lines Py, Py, Py”, 
&c. are to be taken negatively or affirmatively, as they are 
ſituated on the ſame or different ſides of P; and in the ſame 


manner the lines PI, P/, Pl“, &c. are to be taken negatively 


or affirmatively as they are fituated on the fame or different 


ſides of the tangent P/, &c. 
3 Let the centers M, M,, M“, A M“, Ke. of forces be 


points not fituated in the plane of the given curve HPI, &c. 
and the forces, f , #'", &c. tending to each of the centers 


M“, M“, &c. beste three M. M“, and M) be given; to find 
the forces 55 3 , and 4a * n to thoſe three — M, M., 


Draw MS, M., M. 3 e. perpendicular to the e 


9 uation fx - MS 3 AS - —— MS” 1 
3 7 7 * vVMS"+SP v MS +S"P 


, 2 „ and the two preceding ** 


Tre + ae 


rho PM“ r 


f' ip Py . * 22. 77 &c.; from the data may be found all the 


PM 
quantities T he  f 0%, &c.; and conſequently from the above 


mentioned i may be deduced the forces 7, /, and WF. E- 


4. Let the body move in different planes, that is, in a curve 
of double curvature at the ſame points; draw PR a tangent to 


the curve at the point P, and PQ an arc of the curve of double 


curvature; draw alſo two planes PRV and PRT, cutting one 


another in the line PR ; from the point Q let fall QV and QT 


perpendicular to thoſe planes reſpectively, and from the points 


V and T draw Vo and Ti reſpectively perpendicular to the 


line PR; let v be the velocity of a body moving in the given 
Vor. LXXVIII. L curve 


4 
LY 


q CT) ob E E Heme 8 | Ae. 4 — 9 * * , + . 

- D 8 l * M 08, 0 ONT ET vat f 
: > 48 £ 4 le as | i , F Mk. Ab a n * W * + 
= 2 v 1 ww * N - 0 e * 1 . . 8 
4 | TAI. 7% » 1 ; 7 a b : l % _* = — * e 
* o 4 * * 5 
* s 7% p \ * * 5 * | * 
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3 SVs as 
a d. at e of and ime Je 20 and S a 
tively ; from the g given centers of forces Ku M. 1 
Kc. draw MS, MY, M/S” „NM 8 c.; Mi, M: / MY, 
M oft ; &c. reſpeAtively perpendicular' to the two, planes RP 175 
and RPT; and PL and P. perpendicular. to the line PR in the | 
ſame two planes RP and RPT; and alſo SP, FP, SP, S'P, 
K⸗eœ. ; P, P, P, &c.: from the points 8, of r 
„ &c. oe. the lines SH, „ SH, . Kc, 
5h, fb, Sb", FL Kc. reſpectively Perpencheuler to 8. 
thus PL and P/; and SK, SK, S'”K”, * ag &c. 54, , 
, F, &c. perpendicular to the line RB; and let. the 


forces F ,, &6+ tending to all the points NM * X/, &c. 
- (except three, 1 Lf 2 . be Bien; then from the three, 


= Sin 


* ß Of ears * Vo r * e. 1 = &. and 2 8 ; 
| FL v PK k 5 

— — — — — — q 
up? 15. r uf wp my and A MP 58 * r 


8 3 | 7 7 pi > PH „ FAY f 
2 r . IF "OM MP * D *. r f. A 
= &c. which contain ks three unknown quantities, can be 
deduced the forces f, J's „ and V : . Thang: to the 
_ M, M“, and * nu 2H 


PROP, + 


15 a body acted on by forces tending to any given points 0 
8, N, 8, &c. move in a given curve, to find its velocity in 
any point of the curve. 


1 7 a 
Find the fluent of the fluxion U *; x 2 Z == of x "x * 


. mee 
2 x e Kc.) A. ber ae ers &c. _ — 
the forces are all contained in the ſame plane; or the fluent of 


fx 


Je 


1e 


in 


me) x „A en — in 


ferent ba «5 PM f PM = e. = 


fee Dag takes but ſince ft f”. &c. ard 
given functions e of the quantities P, . D, &c. the. fluents 


of {x D, | X D, Y 1nd X D”, 4 Ke. can be found; which, when 
properly correfted will be as - —=4 the ſquare of the velocity *y 


any point P. A denotes the arc of the curve, and D, D/, 1 58 
| &c. the reſpeAtive diſtances of the body Woo the centers s of F 
fees. 
Cor. The increment of the FR of deſcribing, any arc of 

; the above-mentioned curve will be as the increment of the 


| arc = A divided by the velocity found above, and conſequently 
the ty time itſelf will be as the fluent of it properly corrected. 


| PROP, VI. 


. Let a body move in any curve, and be ated on by forces 
tending; to any given points, 8, “, 8“, S'””, &c. ; all of which, 
except the force tending to the point 8, let be given, to find 
4 the force tending to S. 

Let Sy. Sy, 8, &c. be oder to the dingine Py 
of the curve at the point P; reſolve the forces 7, F, . 
| &c. tending to 8, S', 8“, S“, &c. reſpectively into two farces, 
of which one acts perpendicular to Py, the other, S/, S'/, 

T io B perpendicular to PO, which is perpendicular to Py; 
let PO be radius of the circle of the ſame curvature as the 
curve, and v the — of 2 _ at = ue . then 


Sy | 

/ | ns, nts 

* 22 = wa x 5.7 77 >; Kc. and 28 
Pp 74 P)“ 1 4 * * Sy X PO 
xREL. Sf bee. for L 


L 2 2 


Re Write ec and for oO * . x 555 e 2 ede fubſtirure | 


. and for 2 75 write B; and for N e 14 + dec. 


ſubſtitute p, and the two preceding Ane become v'= 


FCH and -vb=(B/+ D) A; where A denotes as be- 
fore the increment of the are of ths curve: from the firſt 


equation. 6 2 C AG 2 H _ = (if A + D A) and conſequently 


Cf P (+ 2BA) f *- vi + 2DA =, from which Ruxional equa- 
tion may be deduced the force f tending to the center (5)- 


PR We Se | 
= 0 xe © Ib x e. C , where e is the 
number, whoſe hyper. lag. 1. | PEE, 
Cor, Fig. 1. Let F, A . &. be _ Do, then wilt 


2BA 
D= Hm oY and conſequently 7 (2DA +H) x e 4 


3 | . a2 BN N. RW 
5 conſt = a, | 1 kk * o * Fx hoes Cx * = 2 
— 
0 Ke %; whence 8 
where 4 a an urid St 


Cor. The force F being found, the ſquare of the A 
may be deduced from the equation vi=fxc +H, and the 


time from the fluent of che fluxion A = A 
N Sn 
2. Let the body move in a curve of double curvature, ne 
let the forces % /, &c. tending to all the points M“, M“, 


&c. (except two, M and M ') be owt to find the forces 
tending to the points M and M”, 


as is generally known, 


a” 


Aſſume 


£ 3 17 
b. the three W before given) in Prop. 4. =_ 
| YH PH” Ph 5 Wm 

8 = Fer 5 . Fee II * 


1 
Ph | 
Nef rte and (W 1 


&c. == x fa! = we ＋ 2 =&c.) X A, Ss the two former ny be 


r X * 


deduced the equations S. + 7 e 177 72 PR and vb 


; 2 + Bf +fa+f 'B +y, where a = D 2 — — 


PH” 7 ”m by: | ©» 
e 3.5 & 1 . e e 3 a= 2 „580 


r 


"er PO 8 MP 2 
Cixty i 7 {PU xf PW ef” 
= ==} 0 ( MEPY: 1275 T of 
1 55 be derived the two equations of +8} a. 4 75 +y= 4 f+ 


I . Aar =af=qf 20, where r= (H- 2 7 x 


PK Pi 2 Tas? 
A, FO , r) XA, og 6 - (=p Mie X fr 


13 thanks two equations to one, 10 ant tf, 2 7, , e. id 
their fluxions, may be exterminated, and there refults 2 


ffuxional equation of the formula Hf + N + Lf +M=0, 
where H, K, L, and M, are functions of one of the before 
mentioned variable quantities (for example, MP = WI! which 
a; be ſuppoſed 1 to flow Ty; and its fluxion. : 
| 1 kt. PROP, vn. } TE ch n 
oh Fig 6. ; Chowk the force tending to any point 85 ERA * 
ct and direction of the body; to find the curve 2174 
- Let the body ated on by à force tending to- S, at the dif- 
tance D/ from 8 be projected 1 in the direction PV, with T 
N velo- 


=&c.), 3 may 


| 


r 


the 
: dem pröperl y kurrekted is proportional to the area. deſcribed | 


round the center of force, and conſequently. to the time. In 


2. 1 n 
 ocity 4457 adder nes 9 ak from Stiwa tatt- 
| Y 'A | + ff om"the. general. vent. of f B, where 
D denotes the distance from. d, and * is a function 
D, propeitys dörte Ac find its velocity Vat diſtance D, | 


and cou. uently the perpeudicular SV. from the center 8 


6 the taugent PY at diſtance D SP, which Will be 


bg 


=SY; but A and 1 are given quantities, and V a known 


RH 


NN 


a „ —— — — 


ral Nen of D; che te SV and, * S D } <SY* 2p will 
be Known functions of D; and from. the ſimilar triangles 


SPY and POT may de deduced PV. SY; x | : PT=D : QT; 


IK & FE 


and conſequently. SP x s =D * (which is a known ; 


| 21 # 
fonction of D multiplied, into 50 will be as the. increment of 


5 101 
* 


\ 
2 2 


A deſcribed round the center of force, of which the 


= 


Sy xD. T 
like manner, 2 4 


62 
ro ortional to the i increment of the 
DUR «20 « \ Vx BY x ÞY? 7 18. (pr «og 45 | 


| angle. deſcribed by, the body, round, $).is a fanden of D mol; 


riplyd into; N, of which the flueur properly correfted, or angle, | 
Will be as,azfpuRtion, of . | 


Ars. Fig 5 1 Al Kc. ; to Gu 4 8 


an equation expiring 1 the relation. between the ahſciſs SM x 


and ordinate MP = y of the curve deſcribed, and their fluxions. 
F rom the ſimilar triangles Ppo and LP can be 22 


n 180 54 25 but LM=8M= 
# . 299 . = 


2 


5 . i 


8 


286 Kevin of SP=vx * 122 * the- flutionil \equatibi 


are given, the ratio of PV: PY” will be given; ; which being 
given, together with the line 88“ a, the lines PV and FY 


(ui) PVS SL, SV V P- PY) D = EY), N 


> 2 * 4 2 * C 1 K — 
- s 4 * 1 - * 
1 x N * * 
1 a — — 


— m 


7 


* 


5 * A 5700 bas Ke! <0 04:17" 2o 


v; 4 
2. g. 8. Let a body be ated on "by any neinhe: of what 


( f, „ s "T &c.) in the ſame plane tending to to -1 the given 
points 8, 8“, 8“, 8% &c.; to find an equation expreſſing the 
relation between SPS HD and 8 P D', and their fluxions, 
where P is a Point Tae in "the curve. ach "ns . 
deſcribes. 119 e it (1-1 


* 


Suppoſe VP a — to ods curve at * point P, and PZ, 


uctpthibevlas to it; and reſolve all the forces tending to 8, S8“, 
8, K. reſpectively into two others; one in the direction PV, 
and the other in the direction PZ; ſubſtitute for 'SP, SP. 
8 P, S'''P, &c. reſpectively D, U „ „&c.; and ſuppole 
„ „Kc. perpeindicular to the. hne PY; 
n then will the Wing POT and SPY, POT. 4 and S'PY” be 


ſimilar, where PO denotes a very ſmall arc, and Q aud 


QT are perpendicular 1 to the lines SP and SP; hence TYS. 


| / I / 
PT xSP —DxD p FX 3 D xD. ; and conſequently PY : PY/ 


Ro a GD « JED « a 3 
: DD: D D-; and if the quantities ". Dy, D and B⸗ 


SY and 8“, can be found; for, drawing SL parallel to PV. 
and meeting V in L, let PY/=mxPY, then 1 


=/ (YP* -PY”) = (D PY), LS'=SYL'=SYL. = = 
V(D"— PY*)==/(D* - Pv); and SS“ SLA LS“ an, 


—— 


equation m which all quantities (except PY ) are given, and. 


coutequently PV is determined by an equation, which will be 
a quadratic ; but PY being found, from thence. PV, SY and 
i 


1 18. 1 1 4 : * 5 x A oi \ v _ A * * * * * - = n F Lf! fe © POE” * "WIT a, EFED N — „ 1 N * 2 8 q 
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* — . - * 28 9 ac #. * xs a 5 $. v 14 * » + * * | * * * * * 
1 b * * 7 N > Wy - = 
# 0 ; i . 4 , _ 1 * 


. 5 "i wum 

; S'Y/. may be deduced; which are qty all funQions 
„ D, TY, and invariable quantities; and their 
r fluxions PV, SV, and 8⁵ 3 functions n 


5 D/ , D, and 5˙ from the ſimilar triangles before given 
St: oN 4: PI = = PO the radius of curvature 


Ln 


hence PO is 2 8 of D, D, P, De and 5, if B=; 


and from D, D/, SY, D, D/, and the point 8“ given in poſi- 

tion can be determined 8“/P, 8“ and PV; for let SDC 
be drawn perpendicular to 88 a, and 8b =; then will S/ (if 
Pl by a bf eye from the point P to the line SS'Y= == 


2 * =, and * == =, and Pl=, VP - SP), and 


| &'P = ICs Cr draw S7 v. 7 perpendicular to 
the tangent PV, and cutting the lines SS/ and SK parallel to 


5 _ Cx4/(882—(PY =PY”)*) 
PV. in o and n reſpectiveiy; then will 0b = N — 
8˙ 92 nd ; (and from the ſimilar triangles S' ob and SonJon= 
G. WY whence 80 *. So ens will be n 
known function of D, D, 5 ad iv, and invariable quanti- 1 
1 8 ties: the ſame may be predicated of ſimilar. lines drawn to the 
 _mr_—_ e, Ay , 
C | ty centers 85 of” Ye; 4 and conſequently V*35 * *r + 


„ Kg if" X Dp "ac)xXA (where A, as before, de- 


notes the fluxion of the arc of the curve) = = x Da 2 * D'= 


-# „* Pf, D. dec. vb, if v denotes the velocity; 


but as /, ,, SI &c. are functions of D, D', D/, D, 
&c. reſpectively, the fluent of the above mentioned quantity 


7 DF D D/ =&c. can be found in terms of D, D/, 
DV, 


* 


\ 


"Es * 811 
1 


I, Dp”, be. from the fm of as fluxions FÞ, FD, &c.; 


r and — in terms of D and D', which let A 2 then 
5 will Z=— - but v =—265 PO x ( f x pf Xo 8p. . 
[1 | oY” 


If * mw Ty =&c.) a fluxional equation of the ſecond 


order expreſſing the relation between D and D', and their 
fluxions. | 
2. To find an equation expreing the relation. Mme 
1 SM and y=MP, where SM (x) is the abſciſs beginning 
from S and continued-in the line 88/, and MP () the per- 
pendicular ordinate of the curve deſcribed by a body acted on 
by the above mentioned forces: in the fluxional equation 
found before for D and D- and their fluxions ſubſtitute 
(r ＋ N and (SSD) +y')* and their fluxions, and there 
reſults the equation ſought. . 
Cor. It eaſily appears, that the general fluent may c contain 
two invariable quantities to be aſſumed at will, or according to 
the conditions of the problem; that is, at a given diſtance the 
velocity and the direction may be aſſumed at will, and conſe- 
W quently the general fluxional equation expreſſin g the above 
mentioned relation will be of the ſecond * if no fluents 
are contained in it. 
Cor. From Py and Py , and the points S and 8 . given, 
can eaſily be deduced geometrically the direction of the tan - 
gent and the lines Sy, Sy, &c. ; for divide the line SS/ in r, 
ſo that Py==Py' : SS' :: Py : Sr, and through 7 draw the line 
Pr, the perpendicular to Pr through P will be the tangent 
Py; to this line the perpendiculars fi from S and S' will be, the 
lines Sy and 89 required. 
Vol. LAXVHL ---:-- -- A - Car. 
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and from the fluent of 2 I "which f is a function of D mul· 


plane l then will off * N 


| found; then, from the preceding x4 "iron -> the _ 


Ge „ 29. 


ung the ſame quantity as before) = Fx MP=f > * MP x 


5 a 


2 De Wanne on 4 
cr. From the fluent of the above-mentioned fluxiont 
equation may be deduced 2 velocity Vin terms of D and D/; 


55 TY 
"owt into P, may be deduced the time. 


3. If the plane in which the body (P) moves, and all the 
Fareed * if 75 tending to points M., M“, M/, &c. not 


ſituated in the n plane (except one F tending to a given 


point M) be given , then the force tending to that point can be 
found, and the curve deſcribed. 
to the points M, M“, M“, M“, &c. into two others ; ; one MS, 
MS, M. 85 WS, &c. . to the plzne in which the 
4 body moves, and 15 . SP, 8 P, 8“ P, 8“ P, &c. in the 


Reſolve all the forces tending 


M'S' e M's” 


* ts WF W &c. = o, from 


which ec ation f 2 ee tending to the point M may be 


Which. a body agitated by forces £ * Nb A* 5 „p- 1 A 


&c. tending to the points 8, S, 80, Kc. e. and it will 
be the curve require. 


4. If the body moves in a curve of double curvature, and the 
forces 4 fs „ &c. tending to all the centers M, MY, , 
M-”, &c. be given ; from. mas fluent - the fluxional quantity 


„ &c.) x A (A deno- 


"iT vs 
MP + = =f * 0p 


MPF, x MVP, = &c. =f D=f/ x D'=f" x D':=f x x 
D'=-&c. =Z= =wo ((/ V, F, V%, &c. being given 
functions of D, D/, D“, &c. reſpectively) can be deduced 


the ſquare of the velocity = — 25 which will be a function of 


. 
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D, D/, TY, D* „D, &c., and conſequently a function of 
D, D, © ff ly to be derived: en this funchnn — 2% 


for v' in the two following equations 1 2 F/ and =; —=F”, 


where R/ and R/ denote the radii of curvature in two different 
planes of which the tangent above mentioned i in Prob. 4. art. 
4. is their interſection, and F- and F“ the ſum of the forces in 
lines perpendicular to the tangent, and i in the reſ pective planes: : 
from theſe forces, calculated in terms of the diſtances from 
three given points D, D', and D“; or in terms of two ab- 
ſciſſæ and one ordinate, and from the radii R' and R“ may 
be deduced two fluxional equations of the ſecond order, ex- 
preſſing the relation between three diſtances D, D/, and D“, f 
&c. which may always be reduced to one fluxional equation of 
the fourth order expreſſing the relation between one abſciſs and 
its correſpondent ordinates, or the diſtances from two given 
| points. 

5. The general fluxional equation expreſſ ing the relation be- 
tween the diſtances from two given points will be of the fourth 
order, if no fluents are contained i init; for it admits of four 
different quantities to be aſſumed at will, or according to the 
conditions of the problem. 

6. If ſome points, to which the 838 tend, are ſituated 
at an infinite diſtance ; that i is, ſome forces always act parallel 
to themſelves ; from the given forces acting either to“ given 


points, or in parallel directions, by the equation fx D x 
D'==f” DH &c. = = vv can be deduced the ſquare of the 
velocity at a point P in terms of the diſtances from two given 
points, or of an abſciſs and ordinate; if the centers, &c. and 
parallel forces are all ſituated in the ſame plane: or in terms of 


the diſtances from three points, or two abſciſſæ and an ordi- 
2 nate, 
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nate, if ſituated" in different planes; from the centers, &c. 
and forces given, find the ſum F of the forces in any direc- 
tion (PL) (the direction of the tangent excepted) acting on 
the body at the point P, and the chord of curvature C of the 
curve at the ſame point and in the ſame direction; in the equa- 
tion v* =jFxC for v ſubſtitute the value found before, and 
there reſults an equation expreſſing the relation between the 
diſtances from two points, or an abſciſs and ordinate, &c. if 
the forces act in the ſame plane: but if the forces act in dif- 
ferent planes, find the ſum F and F' of the forces at the point 
Pi in directions which are not both ſituated in one plane with 
the tangent and each other; and alſo the chords C and C' of 
curvature in thoſe directions in terms of the diſtances from 
three points, o or two abſciſſæ and one ordinate, &c. In the 
equations v F C and v F p x C' for of ſubſtitute ; its 
value found from the principles before given; and there reſult 
two fluxional equations of the ſecond order expreſſing the rela- 
tion between the diſtances from three points, or two abſciſſæ 
and an ordinate, &c. 


P R OP. VIII. 


Pig. 9. Let a body move in a curve Pp, &c. and be ated 
on at P/ by a force F (which is as any function of the 
diſtance SP”) tending to 8; let the velocities at P and þ be 
repreſented by the lines YP and vþ in the direction of the tan- 
gents to the points P and p; reſolve theſe forces YP and yp 
into two others V and FP, and yl and ip, of which one AY 
and yl is parallel to the line SL; the other #P and h is pa- 
rallel to MP : let a body fall in the right line LS, and the 
force acting on the body at M' be to the force acting on the 
body moving in the curve at P” :; SM“: SP”, and PM“, PM 

and 


| 85 
and pm. be perpendicular to SL; then, if the velocity of the 


dus Porces. 


body falling in the right | line SL at the point M be , the 
velocity of the body at the point m acted on by the above men- 
tioned forces will be y!. | 

This is eafily demonſtrated from the reſolution of forces, 

3 Through S draw SN parallel to PM or pm, &c., and 
aſſume in the line (SN) SPS PM and Sp = pm, and let the 
force at P/ in the line SN and diſtance =M'P- : the force of the _ 
body moving in the curve at the diſtance P'S : PM“: SP/; 
then if the velocity at the diſtance SP= PM be Pe, the velo- 
city at the diſtance 85 pm will be pl. 8 
_ Orr. The force in the direction of the line SL vaniſhes i in 
the point where a perpendicular SN to the line SL paſſing 
through the point S cuts the curve, and conſequently the 
velocity in the direction of SL in that point is the greateſt or 
leaſt, &c.; but if the tangent of the curve be perpendicular in any 
point to LS, then the velocity in the direction LS i is nothing: 
the ſame may be applied to the velocity i in any other direction. 
Ex. Fig. 10. Let a body move in the circumference of a circle 
SPA, of which the center of force is a point S in the circum- 
ference ; ; it 18 known, that the force in the direction and at the 
 diſtanceSPisas SP-s; but the force in the direction SP is by the 
= hypotheſis to the force in the direction (8A) :: SP: SM, if PM 
be perpendicular to SM, and conſequently the. force in the 
direction (SA) is as SM x SP-s; but if AS be a 2 - 
ASxSM=SP* ; therefore SM x SP SM * AS SM = 


SM =* 
I an 


89 &@ 


4 


d the diameter AS being given, the force f in the line | 


SA varies as SM, that is, inverſely as the ſquare of the diſ- 
tance: if the force varies as SM =, then vv will vary as 


bus Wy OD CO 8 "x 


(>. 


which let F be the ſum of the forces reſulting | in the direction 
Mn, and f the ſum of the forces reſulting in the direction 
PM; reſolve the velocity V of the body at P, which is in the 
the direction of the tangent PV, into two others V' and V, 
one in the direction parallel to the line SM, and the other per- 


ö 
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=»; where v denotes the velocity ; - and * will vary as 
"0 


— — = which agrees with the ſquare of the velocity deduced 


from the preceding principles; ; for vg PV the velocity at P is 
inverſely as, the perpendicular SY = SM let fall from the center 


of Ty on the tangent ; but SA“: : 2SP x PA :: velocity PV as 


5 N a : P/ the velocity at M; whence PP (the ſquare of tlie 
_ 48P* X PA” 2 4SP* > x PA* 
IT xPY which varies as — 
1 _ 48A. 48A xx 
JT SA SN 9 85 SAI x 8 
ſame as above. 


4s Fig. 9. If any number of forces act on a e at t PI in 


velocity at M)= 2 


e - the 


any given directions parallel, or tending to given points; re- 
ſolve all the forces into two others; one in a given direction 


SM, and the other in a direction PM perpendicular to it, af 


pendicular to it: in the ſame manner reſolve the velocity vof 


the body at p, which i is in the direction of the tangent py, into 
two others v and v”, one in the direction parallel to the line 


SM. and the other perpendicular to it: then if the velocity 


of the body moving in the right line SM at M be V“, and it is 


conſtantly acted on by a force = F, the velocity of the body at 
m will be v: and if the body move from P in a direction per- 
pendicular to SM with a velocity as VV, and be always acted 
on by a force ) the velocity at the diſtance FM pm will be 


a”, 


Cor. 
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Cr. From the forces given and the velocities in the above 

mentioned directions at the point P, can be deduced the veloci- 
ties in the ſame directions at the point p, and e the 
tangent to the curve at the point p. 


I P LO” = . | 
Lot the ref) Bunch of a body, moving in a right wo be as 


* 
9 


any function V of the velocity v; then will 7 Fo * 


— 


city, and ſpace ; their fluents properly correfted will give the 
time and ſpace 1 in terms of the velocity. 85 
2. Let a body move in a right line, and be acted on by an 
n force in that line, which varies as any function X 
of the diſtance æ from a given point; and reſiſted by a force 
which is as any function V of the velocity v into its denſity X/, 

which varies alſo as a function of x and v; then will (X TVN) 
= vv, from its fluent x can be found in terms of v, or v 


; Where t, , and x, denote the 1 increments of time, velo- 


in terms of #3 and thence t= 2 5 of which the fluent 


properſy corrected gives the time. | 

Ex. 1. Let VZ and X a function of x; ths 18, i the 
reſiſtance be as the ſquare of the velocity and denſity, whence | 
(X + av'X') x = — vv, of which equation the fluential will be 


I — ſehr x X++A, and ? 
——P 8 — + B, where A and B are 
2 (e ee — 


invariable quantities to be aſſumed according to the condi- 
tions of the problem. 


1.2. 


© 96 ä Dr. — A 
1.8. Let „N and Xl, which is ſuppoſed to correſpond 
nearly to the ſtate of our atmoſphere, then will v 


leur feln fel bi = = 


SIR ( 7 e x Ar A), e being the number, whoſe 


hyperbolic log. is 1, and 5 and A quantities to be aſſumed 
according to the conditions of the problem. 


* 3 . RSX, and it becomes Xe = * and f= 
* Z (a+ av) * 
2. Let 4 be an homogeneous funclon of one dimenſion of x, 
that is, Sar, and V a fimilar function of n dimenſions of v, 
that is = b, and X“ a ſimilar function of r dimenſions of x and 
v, and 114 2 13 then by ſubſtituting zx and its fluxion for U 
and its fluxion, can be found the fluent of the fluxional equation 
Ga VX ) x= —vv, and conſequently the velocity and time 
by the quadrature of curves in terms of the TP and in like 
manner of many other ln. - 
23. Fig. 4. Let a body moving in a given curve be afted « on 
at any point P by a force f tending to a given point 8, and 
reſiſted by a medium proportional to V a function of its velo- 
city multiplied into its denſity X“ a function of the diſtance 
SP =D; to find its velocity, time, and — n. the given 


point S in terms of each other. Let F =f x K 5 the a in 


the direction of the ungut Pv, and conſequently (+ 


VX“) A vb, and v IC , where A is thei increment of 
the arc, and C the chord of curvature in the direction SP; but 
fince the curve is given, the chord of curvature may be de- 


duced from the diſtance, &c. and the increment A of the arc 
from a function of the diſtance multiplied into the increment 
4 5 | 


— 
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of the * then, if For v be a given function of the 
Ty the other may be deduced from it, and conſequently 


—vi=9: O) xP will be a given function of the diſtance D 
nat into D, whence we have : (D) xD= D ( fx 


= XV divide by D, and there reſults an algebraical equa= 


hs from which V x X/ may les: ; | 
If neither v nor f be given, reduce the two equations 


| (fxXE+VX)A= vd and v 2 fi into one, ſo as to ex- 


terminate either 7 or v and its fluxions, and there reſults an 
equation expreſſing the relation between the other v or ＋ and D 
and their fluxions : from the velocity given in terms of Dr may 


be deduced the time from the equation f= * 1477 


a, 1 * 
3.2. If the body be ated on by forces tending to more points 
8. 8, I, „8%, &c. in the ſame plane; reſolve each of the forces 
into two; one in the direction of the tangent, and the other 
perpendicular to it ; let the ſum of the forces in the direction 
of the tangent be F; and in the direction perpendicular to it \ 
be F/; and 2R the diameter of curvature at the point P, which 
will be given in terms of the diſtances from two points, or of. 
an abſciſs and ordinate, and their fluxions, &c. : aſſume the 


two equations before given (FX V) A2 — v and v F. R, : 


and fince A is always given in terms of D and D, if F and F- : 
be given in terms of D, D', &c. the value of V x X' may 
be acquired by a ſimple algebraical equation : but if F and F/ 
be not given, and conſequently | v not given, but V a given 
function of v, and &“ a given function of the above mentioned 
diſtances ; then ſubſtitute for v itz value VER) in the func-. 
tion V, and the fluxion of i F'R for vv, and there will reſult 
Vol. n. 3 N 35 
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an equstian — D and F. and their fluxions, and aF; but 
if the forces tending to all the points but one are given in terms 
of che diſtance D, ot abſciſs or ordinate of the curve, and their 
fluxions; then from F' can be found F, and, vice-verſa, 
from F can be found F', and conſequently there reſults a 
fluxional equation exprefling the relation between F or F' and 
the Ae D or D, &. or ach or — and their 
fluxions., 
From F ak p. and ——, UV being band in tems 
of D, D', &c. can be deduced 12 7 


The ſame method may be A if ſome forces tend to au 


Infinite diſtance, that is, aQ Parallel to themſelves, and others N 
tend to given points. 


Ex. Let the accelerating force be directly as the a arc = = X, por” 
he reſiſtance uniform 4; then will ( X= — vv, and 
conſequently x*— 2ax +B'= — v*;; let A be the arc, where the 
velocity =0; then will the equation 2 20 — * INT, ? 


and the increment. of the time t=E 


1 * e 25 Y 
-4 -X are of a Dy of which the radius f is 


A-a and. cof.=x— a, where A is the diſtance of the point 


from which the body begins to fall, and the loweſt point of the 
ctirve; and the accelerating force x - a is as the diſtance from 


a point 9 of a curve, of which the diftance from the loweft 
 . „ 


Cor. The times of the body falling from an y point of the 
curve to à will be equal. 


Cor. The body on this hypotheſis will Aber reſt at the 
point a, or at the loweſt 2 or any point between +@ and 
—4 


wWhoſe integral N. 7 
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- a; for it may reſt at any point, where the refilling ſores | is 
always equal or greater than the accelerating force. 


vibrations, will be A- 24; if A = 24 be not — khan 
a, it will never paſs the loweſt poitit. 

Philoſophical enquiries require ſome correction, which do 
not enter into mathematical calculus; fot example; in ſome 


caſes thecalculus changes the quantities from negative to affic- 


Ne 


mative, &c. when from philoſophical conſiderations they ate not 
changed; and, vice verſd, they may be changed to affirmative, 
&c. on philoſophical confiderations, when they are not changed 
from the calculus: and alſo a body may ſtop, &c. from philo- 
ſophical conſiderations, as in the preceding example, © Foy it 
does not follow from the al gebraical calculus, &. It is fur- 
ther to be obſerved, that reſiſtances are n to be taken | 
affirmatively. 
Ex. 2. Let the accelerating force "IG as the arc, at 15, * 
diſtance from the loweſt point, and the reſiſtance as the vele- 


city; then will the fluxional equation (F V) A= vv be 
(ax = v) x= — vv, which is an homogeneous 83 5 the 
firſt order: write in it 2x for v, and its fluxion for v, and 


there reſults the equation (r= =) * = a, Whence 


= and thence log. & 


(a—3) * Ar = * and - 2 "= e 


leg. (a- -2 +2) (W. 


5 = 


arc, whoſe radius is 
42 — 'S 


and tangent (z— i) + +B, whence can 1 be found V = X%z 


_ * curvilinear areas F 


2 
by 


Cor. Let n be. the number of vibrations, then the diſtanee 
| of the arc, to which it will aſcend from the loweſt point at a 
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alfumed according to the conditions of the problem. r 
Cr. If the force be directly as the diſtance, or as the arc of 


Wag from the body to the loweſt point, and the reſiſtance 

as the velocity ; then will the velocity in one arc be to the 
velocity in the dorreſponding point of another arc, as the arcs 
to be deſcribed ; and conſequently the times equal. 


4. If the body 1 is acted on * forces tending to points 8, 8“, 


8˙% &c. ſituated i in different planes, then let F be the ſum of 
the forces in the direction of the tangent at the point P; F- 
and F- ? the ſum of the forces acting on the body in two dif- 


ferent directions at the ſame point, which are not fituated in 
the ſame plane with the tangent and each other; n the 


three equations (F+X'V) Ar vd ande = I F/ and — =z Fi, 


in which the ſame letters denote the fe 3 as be- 
fore, and C and C denotes the chords of curvature in the 
fame directions as the forces F- and F“, which from the curve 
being given can be found at any point; and if F/ or F“, is 
given in terms of the diſtance from a given point, or an 
abſeiſs or ordinate, &c. the velocity v can be found i in terms 
of the ſame, and X'V by a fimple algebraical equation: if F- 


is not given, and V 1 is a given function of v, ſubſtitute in V 


for v its value (1 CX F)), and there refults an equation ex- 


preſfing the relation between F (which can be deduced from 
FC or F/ ) and the diſtance of the body from ſome given point, 


or the abſciſſæ and ordinates of the curve required, and their 
fluxions. 


* 
> « 


It 


+B; where B is an invariable quantity to be 
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If ſome of the forces act in parallel Atecköns; the forces, 
velocities, &c. — be found by the ſame method. 


PROP. * 


Fi ig · 11. Let a body be projetted i in a direction HL with a given 
velocity, and be acted on by a force in a direction parallel to AP 
x, which varies as X a function of x.; and alſo by another 
force in a direction parallel to MP = y, that is, perpendicular to 
AP, which force varies as V a function of y; and let it move 
in a medium, of which the reſiſtance is proportional to the 
velocity; to find the curve deſcribed. 
Find the fluent of (X Tau) 8 - vb, which correfhi ac- 
cording to the conditions of the problem (vix. ſo that v at the 
point H may be to the velocity of projection :: He: Bb, 
where bc is drawn perpendicular to AP) ſuppoſe v=X'; find 


the fluent of 2. which corrected ſo as to become = 0, when 


. a= AH, let be XV. In the ſame manner find the fluent of 
(* οο j= vv, which corrected, ſo that v/ at the point H 
may be to the ts of projection :: ch: Hb, ſuppoſe v 


Y/; find the fluent of 555 which corrected fo as to become . 


when PM=0, let be V; aſſume X” = VV, and thence from 
x find y: take AP=#x and PM=y, and M will be a point in 
| the curve, which a body projected i in the line HL deſcribes; 
and if Mm in the direction pazallel to HAP : mo perpendicular 
to it : velocity v : velocity v, then will Mo be a tangent to- 
the curve in the point _ BEBE 3 
2. If a body is acted on by forces tending to any given points 
8, S', 8“, &c. which vary as given functions of their diſtances 
from the body, and reſiſted by a force which varies according 
to a given function V of the velocity (v) into its depſity X“, 
4 where 
2 


_ „ 8 _— REP * 1 ” : * * ma N 3 * 4 by l 7 

1 * * 2 ak. od N . T FY wi ” = J 2 a 
4 * - + 9 - 0 = i * 
* a 

% 


9% Dr Waking on | 
where X' varies according to ſome function of the . 
from the given points, &c.; to find the curve deſeribed. 
1. From the diſtances of the body from. two given points, or the 
abſciſs and ordinate of the « curve deſcribed, and their fluxions, 
&c. find the forces acting in the direction of the tangent to 
the curve, aud in ſome other direction, which ſuppoſe F and F' ; 
and alſo the chord of curvature in the above mentioned direc- 
tion, which let be C; then from the equations (F+VxX") 


| As vv and v- =ZCxF reduced into one by writing for » 
= its value 1 in the function V, and for vv its value deduced from 


the equation v*= 4 C KF, and for A (the fluxion of the arc) 
its value deduced from the diſtances, &c. will reſult an equa- 
tion expreſſing the relation between the diſtances from two 
given points to the curve, or its abſciſs and oninates, - and 
their fluxions. 1 
3. If the forces are not all ſituated i in the ſame Plane, then 


from the before given equation (F +V * X As ub, and the 
two others v CN F' and v 1 C'F”, where F denotes the 
force in the direction of the tangent, and F, and F“ are the 
forces in different directions, which both are not ſituated ; 1n the 
ſame plane with each other and the tangent, and in which 
_— the chords of curvature are reſpectively C and 


C; ſince the quantities F, F,, and F“; C and C/ and A (as 
7 before) can all be expreſſed in terms of the diſtances 
from three given points, or from two abſciſſæ and one ordinate, 
and their reſpective fluxions; may be deduced two fluxional 

* equations expreſſing the relation between the diſtances from 

three given points, or two abſciſſæ and an ordinate, &c. 

The ſame principles may be applied to caſes, in which ſome 8 


of the forces act in pre directions. | : 
I | 3 | On | 


Centripetal Forces, 


On moveable Centers. 


F 4 


EX. 


PROP. XI. 


1. | Given the ceſpofive places of (n) deckes 8, „ A 
Kc. in the curves A, A“, A”, A”, &c. at the ſame dias, 
and in the ſame plane, and the forces of all the bodies acting 
on 8, except two, & and 8“; to find the forces of the two: 1 
| bodies & and 8“ on the body 5 E 
2 This propofiti ition may be refolved by the ack given in 
Prop. 4. for to produce the ſame effect the ſame finite forces 
will be requiſite, w whether the centers of forces reſt or move in 
given curves. 
1.2. If the bodies S, E oY, Kc. move in different planes, 
then all the forces acting on the body, except three, may be 
given, which may be acquired from the method given in the 
ſame propoſition... 
| Hence it appears, that 21 forces may bo requiſite to be found 


| from the conditions of the problem to determine all the bodies 

to move in their reſpective curves, when they are all ſituated in 
the ſame plane, and that * forces may be requiſite in 
different planes, &c. if the force of one body (8“ on another 
(8˙%ö J does not at all depend on the force of the ſame body 
(80 on any other . ); and if the ſame can be prædicated of 


the reſt, then 1. 2—3 forces of the above mentioned bodies in 


the ſame, or 1. #—4 forces 3 in different planes my be aſſumed 
at will, 


. ; * 
92 | 
* 


I» 
4 
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7 If the velocities v, V, v”, &c. at every point of "ge arcs 
'a, , d', &c. of the (a) above mentioned curves A, A“, A“, 
&c. be given in terme of their arcs, abſciſſæ, or ordinates, 
| &c. and the places in which the bodies are ſituated at the 
ſame time in the arcs b, ., V, &c. of ſome other curves B, B/, 
B“, &c. find the correſponding velocities V, V', V”, &c. at 
the ſame time of the bodies in the curves B, B., B“, &c.; 


2 4. 
N — S 77 = &c. =57, , or which is s equal to it= 
75 or = y- Re. Prom the fluents of the Ban equations 


Z reſulting properly corrected will be found the arcs a, &, 4, 


= &c. deſcribed by the bodies in the curves A, A', A”, Kc. in 


the ſame time as the correſpondent arcs b, 7 bs Kr.; and 
from thence, by the method given in the preceding caſe, N. 
be deduced the forces. 

The ſame principles my be applied to bodies moving in re- 
fiſting mediums. 


PROP. xII. 2 
Given the law of the forces of two bodies ating. on each . 
other, to find the two curves by them deſcribed. N 
Fig. 12. Aſſume & and y for the abſciſs (AP) and ordinate 
(PM) of one curve, and 2 and 2 for the abſciis (AP/) and 
ordinate (PM ) of the other ; where the abſciſſæ AP and AP” 
begin from the ſame point A, and are ſituated i in the ſame line ; 
then will the diſtance (DMM) between the bodies = 


* 2 R +wWumzy ); 5 let the forces of the body placed at M on 
that at M“, and of the body placed at M“ on that at M vary 
as @ : (D) = F, and 9 : (D)= F/; and let Mp =x and pm /i; 


then will coſine of the angle „MN to radius 00 be 5 5 3 


y 


U 


— Eren. 8 9 97 | 


* 
3 3 & 
N 5 e and conſequently the foree in 


the direction of che tangent Min will be * F, hence Lov 


SF V + (4) and v *=zCF, where C is the chord 5 
of curvature in the direction of the force (F) Vs 


2574 
e,; aud v the velocity of the body i in the curve, 
s | | 
ind abſciſs is x and anne * 
In the ſame manner let . hed « ———_ ; 
D FL Ng + S = | 


the cofne of the angle made betw: en the diſtance MM/ and 
arc of the curve of which the abſciſs is 2 and ordinate «, and 
0 conſequently c. * F £ will be the force 1 in the direction of 4 5 


tangent, and therefore v c F/ 2 + 6 (A) and v = 

Z CF, where C. Is the chord of curvature. in the direction of 
ho > 

theforce(F J=v1 1 * 2 2 +6 5” and ov ' the velocity of 
HZ — ZU 
the body i in the curve whoſe abſciſs is 2 _ ordinate u; then, 15 
becauſe the times of deſcribing correſpondent arcs in the two. 
curves are equal, their increments will be equal, and conſe- 


V2 +5 * 3% + 


quently f = oy ORD OS, "ad thass are deduced five 


ene equations, containing ſix variable quantities v, v 41 
9; %, and u, and their fluxions; reduce theſe equations, Þ that 
rs of them (v, V, &c.) may be exterminated, and there will 
ceſult an equation expreſſing the relation between x and y 
the abſciſs and ordinate of one curve, or æ and the abſciſs 
and ordinate of the other curve, and their fluxions; 1 the 
fluential equation of which being found, and properly cor- 
rected, gives the equation to the curve. r 

Vor. e. = -#-- I The 


38 q 5 Ig Dy Warme on = 
The five equations are eaſily reduced to three by extermi- 

ating. the quantities v and v. 

Ihe fluxional equation reſulting will moſt AER be a 
the fifth order, as Oy appears from the nature of the 
. 8. 

The ſame principles may be applied to — 8 

curves, when the bodies move in mediums, of which the 
reſiſtances are given : : for example, ſuppoſe the reſiſtances to 
vary as a function of the diſtance from a given point into 
function of the velocity: to the forces in the directions of the 
tangents contained i in the preceding caſe muſt be added or ſub- 
tracted the given reſiſtances for the forces in the directions of 
the tangents, and the remaining proceſs will be the ſame as is 

before given. 5 

If two bodies deſcribe finitar orbits round a common center, 

either quieſcent or moving uniformly in a right line; the forces 

and velocities and reſiſtances of the medium will be to each 

. other i in correſpondent points as their reſpeAtive diſtances from 

i the center. 


o 3» mm Nee mw K 
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Given the forces acting ou any bodies, and tending to points 
either moveable or quieſcent, or in the direction of the tan- 
gents, &c.; to find the curve deſeribed by one of the bodies. 
I. Aſſume x and y for the abſciſs and ordinate of the curve 
required, and from thence may be deduced the diftances from 
any quieſcent center of force, and conſequently the force / in 
that direction; reſolve it into two others, one in the direction 
of the tangent, and the other 1 in a different one ; for example, 
let it be 1 in a direction perpendicular to the tangent, and from 
their fluxions x and 5. aud the force F may, by the method 

3 5 before 
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before given, be deduced the forces in the two above mentioned 


directions; and in the ſame manner may be found from x, y, 
Ek, and y, the forces in the directions of the tangent and per- 


given points, and acting on the body moving in the curve to be 
3 inveſtigated. 2. If ſome of the centers of force move in 
given curves B, B', B”, &c. whoſe arcs let be denoted 


by B, B', &c. nd their whheſdive places at the ſame time 


are given ; then from their reſpective places given and forces, 


and x and y, and & and 5, can, as before, be deduced the 
forces in the direction of the tangent and its perpendicular to 


the curve required. 3. If other centers of forces move in 
given curves A, , A”, &c. and the velocities are given at 


every point of the curves ; let A, A”, A”, &c. ww the arcs of 
the curves A, A“, A”, &c. and ſuppoſe v, , v“, &. their 
correſpondent velocities ; ; then, if the increments of the time 


At A“ 


be given, will = — 7 2 = eke. but as the velocities are given 


9 Li 


at every point of the curves, v in the curve (A) will be given 


0 terms of its abſciſs, ordinate, arc, &c. and conſequently 


5 : 5 | | | A/ a 
ſame may be affirmed of the fluxions 7 . 


5 4 * 
A“, &c.; hence, FRED the equation — =—5 


the relation between the abſciſs or 8 &c. of the curve 


A and its correſpondent abſciſs or ordinate, &c. of the curve 
A; and ſo of the remaining curves ; hence this caſe is reduced 
to the preceding ; but it is neceſſary alſo, that the times of the 
bodies in the two caſes ſhould be the ſame, in order that the 


Places may correſpond, and conſequently Dv, where V | 
1 denotes 


pendicular to it, which follow from all the forces tending to 


A. 
». in terms of the ſame quantities and their firſt luxions; the 
in the curves A, 


can be deduced 
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enotes hk gahoelty ob the botly at any e of 15 curve b 
— which equation can be deduced the correſpondent abfeiſſæ 
and ordinates, Kc. of the curves B and A; and thence 
the two cafes are reduced to the preceding, hence the 
correſpondent forces in the Greckions of the tangent, and pet- 
. pendicular to it, can be found as above. . If ſore (m) of 
the ctfiters move in curves L, 2 E”, &c to be deduced from 
— the laws of the forces being given which act on them; affume 
2 and u, & and o, < and u”, &c. for their refpective abſciſſæ 
and correſpondent ordinates; and from them and y and æ, and 
#, find the forces acting on the body moving in the ctitve re- 
quired in the direction of the tangent, and perpendicular to it, 
as before; then add all the forces deduced which act perpen- 
dicular to the tangent and alſo all contained in the direction 
of the tangent together with the refiſting force in the fame 
direction, and let the ſums reſulting be reſpectively F and F“: 
by the ſame method find the ſum of the forces which act on the 
bodies moving in L, L, L“, &c. in the directions of the tan- 
dente, and perpendiculars to them, which ſuppoſe 8 and 6, S/ and 
5 5 and * , &c. 3 ; then reduce the 2 we 1) equations of the 
* 


Fo 7 
—.— and — : = F” 
5 —45 


formulz found above, ViS. wv v'=F x 


Vx; * TY 1 '=S * Vz =; * = 


| . 22 414 
8 2 10 
„ ——— and —v x = =S'xVI"x#", &c.; where v, 

10 2 —zu 
ba / «_ 


. reſpectively denote the correſpondent velo- 
cities of the bodies moving in the curves, whoſe abſciſſæ are 


. 
x, 2, , 2, &c.; and alſo the (m+1) equations F== — = 


s.. 


YESE 2 = 25 5 8 & c. containing the 3.(m+ 1') 


7 3 = 
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engen bes ö 
41 . quantities # and y, x and u, 4 and u, oy a 2% 
&., v, v, , &c., and the variable quantity contained i in 
B and V, iuto one, ſo that all the variable quantities except 
and y and their fluxions may be exterminated, and there re- 
ſults an equation to the curve required expreſſing the relation 
between x and y its abſciſs and ordinate, and their ſtuxions. 
F. If the forces are not ſituated in the ſame plane, aſſume X; 

x ard y, for the two: abſeiſſæ and ordinates of the curve re- 
quired; and Z, 2 and u; Z“, X and 2; Z“, x and ; &c. 
for the two. abſciflze and ordinates of * (m) curves L * 
L“, &c. reſpectively; and from the preceding method may be 


acquired the 3(m+1) equations v FAC, VF C', and 
=vo=F/ x V+ # +3*;3 v =S x C/, eee and =o 
=s Mr ＋ =; v NC ee and =o * x 
VL +2 +64); SC =o"0" and ö 5% = x 


VL +2 2 ＋ ) & c.; J in which v denotes the velocity in in 
the required curve, and v“, v”, %,, &c. the correſpondent 
velocities in the curves L, L', L, / K.; ; and F, F, and F“; 
S, e and 3 $, 6 and“; 8% o” and ; &c. denote the forces. 
acting on the reſpective bodies in two different planes and in 
the tangents, which planes cut each other in the tangents of 
the curves; and C and c, &c., C' and “, Kc. , C“ and c“, 
&c. the 2 chords or radii of curvature in thoſe two planes to the 
different curves in the directions of the forces; m d alſo the 


(m+ 1) equations beforementioned q - _ EXE: 4.4 = — * +i# 


= 5 2 1 +12 — a ; 7 
—. 7 3 -= &c.; where A ＋ 7 5 VE +2'* +6 » 


&c. are the fluxions of the arcs of the required curve, and of 


the curves L, L/, L“, &c. reduce theſe an + 4 equations con- 
taining: 


* 


2 „„ . ˙—ũ7 q Q , 


bo Ws Te Son 9 77.7... 2 Hopes WD = wy WEN 52 2 2 
L r 9 4 25 IS 6 — . — * by — . "OY 7 3 ä . * _ EY . _— * * . £467 
; 4 : a 8” © #4 53 = OE 2 "We. 55 { ba : < — 
4 . * —_— . % * 7 * "= 
= : 1 g G = © . I, 
> 7 7 FY f * 
| > 5 B-. Warme an Cmitrietil Pinter, n 
an variable ant into tw ſo that all thi Na- 
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| ble quantities except three, X, x, and y, and their Huxions may; | 
be exterminated; and there reſult the two equations required, 
It may be obſerved, that when the reſiſtance ariſing from 
the denſity of the medium and velocity (v) of the body varies 
as X xv ＋ X, where X and X/ are as functions of the diſtances 
from given points, the reſolution of the fluxional equations 
will generally be more eaſy, than when the reſiſtance varies as 
other functions of the velocities. 

If the force acts equally on the particles of the body and 
Avid, then the force by which a body deſcends in a medium. is 
as the whole force X ating on the body at the given diſtance 
multiplied ; into a fraction whoſe numerator is the difference be- 


_ \tween the denſity of the body (O) and fluid (X ) at that di- 


K* 
X ———, 
* 


Many caſes might have been given, in which the fluxional 
equations could have been reſolved ; but in general their fluents E 
can only be found by means of converging ſerieſes. 
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Read January. 10, 1588. 


DEAR SIR, 


—_ 


\HE following experiments are a continuation of thoſe 
I had the pleaſure of communicating to you ſome time 
"RY relating to the diverſity of local heat in the atmoſphere ; 
and confirm, in a more particular manner, my former obſere 
vations reſpecting a remarkable refrigeration, which, in clear 

weather, takes place near the earth; for, although its ſurface 

in the day-time is then moſt liable to be heated. by the ſun, yet 
after that is ſet, and during the night, the air is always found 
coldeſt near the ground, particularly i in vallies. This phæno- 
menon, for want of nocturnal obſervations, has been but lately 
noticed ; probably becauſe in the day · time, eſpecially, when 


* Within theſe few years. 5 2 ES 

Me. Wilsox, in the Philoſophical Tranfadtions, 1780, p 467. and 3 p. 
368. deſcribing the effects of a ſevere froſt at Glaſgow, mentions a remarkable 
refrigeration, which he perceived to take place on the ſurface of the ſnow. and 
hoar-froſt, which ſunk the mercury in a thermometer laid upon 1t many degrees 
lower than one ſuſpended twenty. four feet above it. This phænomenon, he ſays, 
. had recently come under obſervation ; but ſuppoſing (I preſume) the principle of 
refrigeration to operate only on the ſurface of the ſnow, or hoar - froſt, when the 


cold. was ſevere, it does not appear he made experiments at any other time. 


Ta: 


the Weber 1 is Gill 51 warm, x.  $fcrence of temperature 
is reverſed, the reflection of the ſun's rays from the earth 
heating the air more below than it does above. 

The enperuments in my former Paper * were made enn . 
4 and partly in winter; and, the local variations dif- 
fering in ſome meaſure with the ſeaſons, I was defirous of 
continuing a ſeries of experiments throughout one entire year. 
To this end, therefore, I ſuſpended proper thermometers in 
A ſhady northern aſpect. in the open air, at different heights ; 
one in my garden at nine feet, and another, i in the Cathedral 
Toxver 220 feet from the ground; continuing my journal. 
with the omiſſion of a fe w brug only, from my 1784; rill 


z dd 1785. Moto > 


> 


In the farmer of "TR eee wich 8 which L had 
conſtructed to eu the greateſt degrees of heat and cold that happened in the 
8 vr abſence, T 2 perceived this nocturnal refrigeration i in the loweſt ſtratum | 
of the atmoſphere; for by ſuſpendiug theſe thermometers at different altitudes, 
and viewing them only once. in twenty-four hours, 1 found the true maximum 
and minimum of the heat and cold, which had CF: 1 that * 

their ſeveral ſtations, ' | . | 

A writer in the Gentleman' 8 Magazine, for March 17 85, p. 170, who did me 
He honour ta mention my former Paper, containing Experiments on Local Heat, 
obſerved,- that the effect: of a ſharp froſt, which happened in December ＋ the pre- 
ceiling year, appeared to be much more ſevere among the vegetables in the vallies than 
on the hills; and by taking the difference of temperature with thermometers at 


that time, he found them Foy from 'F to 17 2 ace ads the ic ſeveral 8 
Kations. 
M. ve W in his at * * FIN Vol. II. publiſlied 1786, 


_ © Quant à Fobſervation bien curieuſe et dien nouvelle de M. PicrEr, que pen- 
- daut la nuit la couche d'air la plus baſſe depuis la terre juſques a 5. pieds -d. 


oft plus froide que les couches ſuirantes depuis 5 pieds juſque a 50. 
* Philoſophical Tranſactions, Vol. LXXIV. p. 428. 


＋ Conſtructed to give the true maximum and minimum that may hw m 
”_ obſerver's abſence. See — — Vol. LXXII. p. . 4 
The 


of Tho reſula td —— wich 1 bad befor 4 3 
ſerved reſpecting the hactutnal diminytion. of heat, and the 
particular ſtate of the atmoſphere requiſite to produce it: The 


greateſt variations Which happened within the year were in 


Ogober and June; in the former month, the thermameters 


generally differed moſt in the night; in the latter, moſt in the 


in the night, exceeded, i in a ſmall degree, the heat. above, 0 


day. From the a th to the 28th of October, the heat below, 


which time there was frequent rain, ſometimes mingled with 


hail. | From the 11th to the 14th, and alſo on the 31, there 


was no variation at all; during which time likewiſe the wea: 


variations happened from the 11th to the 15th, and from the 
: 25th to the zoth ;. at both which times there appeared to be 
two currents. of wind, the upper current from the S. W., 
the lower from the N. E. *, On cloudy nights, the. loweſt 


to a very ſenſible current of air below. 


: ther was rainy; all the reſt of the month proving clear, the 


air was found colder below than it was above, ſometimes 9 or 
0 degrees. In the month of June, the greateſt nocturnal 


thermometer ſometimes . the heat to be a degree or tw Wo 


warmer than the upper one; but in the day time the heat 
below conſtantly exceeded the heat above mar than in the 
. of * See Tab. ** and I. Fe 


Being | 


® Sometimes theſe were rendered viſible by clouds in di Farent krata, moving 
in different directions, and at other times by clouds moving in a n 4 | 


+ The obſervations of the wind and weather were e at N Tn 
all the tables, the nocturnal degrees of cold belong to the night immediately 
preceding the day to the date of which they are placed. —With my thermometer 


I have ſometimes ſuſpended hygrometers; but their movement, although as con- 


formable as poſſible to the moiſture” of the air, had not a ſufficiently regular 
correſpondence with the variation of the thermometers to be inſerted in the 
Vor, LXXVIII. P | tables 


155. 80 Sins Bert 


0 Mas of knowing whether” the necturnal a 
"tion increaſed c om a nearer approach- to the fiirface of the earth; 
placed, in the midſt of an open meadow, on the bank of the 
river, near this city, two. thermometers; one on the ground, 
and the other fix feet above it; with theſe, and the two others 
before mentioned, one on the tower, and the other in my 
garden, 1 made obſervations from the roth to the 23d of Octo- 
ber, 1786. See Tab. III. But as the thermometer ſix feet 
from the ground, i in the meadow, nearly agreed with that in the 
Barden at nine feet, I have omitted an account of the latter in 
this table of compariſon. | Here 1 found, as before, the noc - 
turnal variations entirely regulated” by the clearneſs, or the 
eloudineſs, of the ſky ;- and although they did not always 
happen in the ſame proportion to the reſpective altitudes, yet, 
vhen the thermometers — at all, chat the anne was 
always the coldeſt. tte e S 

Finding fo ew PREP a rener as Ar Signs and: a 
ball, within fix feet of the earth's ſurface, J increafed the 
number of my thermometers in the meadow to four; one of 
them I ſunk in the ground; another I placed juſt upon the 
ground, a third I ſuſpended at three feet, and a fourth at ſix 
feet from the ground; at the ſame time 1 placed three thermo- 
* meters in an open garden on St. Thomas's Hill, where the 
land is level with the Cathedral Tower, and about a mile 
diſtant from it; here I likewiſe put one in the ground, ano- 
ther juſt upon it, and ſulpended a third fix feet above it. 0 


"wh of compariſon. rY is true, when the weather was clear and not too eels, 

the upper ones indicated dryneſs more than the lower; but in froſty weather, the 

contraction and expanſion of the hygrometers being impeded by the froſt, they did 

not in any regular manner agree with the variations of the thermometer. Ww; 1 
| VS Vit 


- With, theſe fires: 8 255 i an ra 75 
W in the city, I continued a diary for twenty days, taking 
alſo every morning the temperature of the water in the river; 
but the weather proving cloudy. ſoon after, the thermometers 
hardly varied at all, ſeven or eight days only excepted. After 
this time 1 never rectified them but when the appearance of 
the weather gave me reaſon to expect that they would vary conſi- 
derably. See the obſervations that were then taken. Tab. IV.; 
buy which it appears, that the cold in the night was generally 
greater in the; valley than that on the hill; but that the varia- 
tions between the thermometers on the ground, and thoſe fix 
feet above n, were often as n on the hill as in the 
+ ret bg ba oa, 
r now, 8 | is of. temperature, was 
frequently found within three feet from the ground, I reſolved ; 
to try ſtill nearer; but my thermometers being eighteen 
inches i in height, could not be applied ſo near to the ſurface of 
the earth as my experiment required; I therefore conſtrued 
two others for the particular purpoſe; and by bending down 
the large tube, the bulb or body of the thermometer, to an 
horizontal poſition, - while the ſmaller tubes remained i in a ver- 
tical one, I was enabled to aſcertain the different degrees of 
4 heat from the ground to a ſingle 8 
At certain times, when the weather was clear, I expoſed 
theſe two horizontal thermometers in an open place, ſuſpend- 


ing one of them, ſo as to bring the body of it within an inch 
of the ground, and the other nine inches above it. When 
the variation among the other thermometers was conſiderable, 
I found alſo a difference between theſe; the lower one indi- 
cating ſometimes more than two degrees leſs heat than the 


P2 


upper 
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Ffm tHe rategbg pas it a pete Aer greater 
chrfniffütian of heat frequertty Hikes plate hear the carth in 
the "night-time; thin” at any elevation in the armofphere 
within the litnits of my inquify; and that the greateſt degrees 
of cold are at fuch dies 7 yy found neareſt to the ſurface 
bf "the earth ; that this is a conſtant and regular operitioii-of 
nature, under certain — and diſpoſitions of the 
atmoſphere, and takes place at all ſealons of the year ;' that 
this difference never happens in any corifiderable - degree but 
wheti the ait is ſtill, and the Tky perfectly unclouded®; but 
the moiſteſt vapour, ſuch as dews and fogs +, did not, as far 
as 1 could perceive, at all impede, but rather increaſe the refri- : 
geration. In very ſevere froſts, when the air frequently depo- 
fs a great quantity of frozen vapour; I have generally found 
ir greateſt ; but the exceſs of heat, which in day-time, i in the 
ſummer ſeaſon, was found at 1 lower W in The pet 
Amine almoſt to nothing. ge 82 

The foregoing experiments TO to the are of Fest, 
which, at certain times, is found at di fferent _ Fades; the 


* * frm * which float bigher 5 in the air 7 * — WP are ane 
opaque to bide the ſtars from our view even in the zenith, | 
ft When * covered the valley, the Telrigeratib below was conſiderable; but 


4 


Abo. No variation ag rain, except wingled with hail; | 
1 This remarkable diminution of heat near the ſurface of the earth in | clear 
weather, after. the ſun is ſet, arid in the night, proceeds, I apprehend, partly 
from: the coolneſs which the dews or vapours poſſibly may acquire in their deſcent, 
and partly from the evaporation which takes place at the fame time from all moiſt 
or frozen bodies expoſed to the open air, particularly from thoſe on which the dew 


or hoar froſt is depofited, ws — 
7 3 following 


un EO ” 
- Wfldwing to che whos Ggrers of heat — at Aifferent 
£ ſituations i in reſpect to the ſea-ſhore. Tab. VI. and VII. contain 
4 ſet of correſponding obſervations; among which are thoſe 
you | were ſo obliging as to take for me at Chiflehurſt *; others 
at the fame time were taken i in my garden, and on the Cathe- 
Ural Tower; - and others on the ſea-ſhore, about ſeven miles 
N. N. W. from Canterbury, where the thermometer was ſuf 
pended about 40 feet above high- water mark, 14 from the 
ground, and about 100 yards from the Wa”; 
Buy Tab. VI. it appears, that every night, one cl} ex- 
5 cepted, during that time, the air was coldeſt at Chiſlehurſt; 
and that the mean heat at the ſea-ſhore was equal to that on 
the tower at Canterbury. In the month of June (Tab. VII. 5 
it is remarkable, that the cold was ſtill greater in the night at 
Chiſlehurſt than at any of the other places, excepting where 
there appeared two currents of wind, the upper current 
from the S. W. and the lower from the N. E.; ; at which time: 
alſo there was the greateſt differetice berwook the rhermometer 
in the J garden and that on the tower. . | kf 
Tab. VIII. contains obſervations akin only at particulat- 
times, when the weather was extremely cold; and ſhews how 
nearly at fuch times the temperature in the night, at the ſea- = 
ſhore, generally agreed with that on the Cathedral Tower; 
with this exception, however, that on the 18th, 21ſt, and 
22d of F. ebruary, 1784, a little ſnow falling at ſeveral times. 
in the day, the evenings after being clear, and the wind at N.E, 
the thermometer on the ſea-ſhore, contrary to what uſually. 
happened, gave the cold pour than. the thermometer on the 


*The thermometer at Chiſleburſt was ſuſpended twelve feet from the ground. 
+. The thermometer on the Cathedral Tower was elevated about 200 above 
that on the ſea-ſhore, | 


tower; 
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The Sewing. ann pg to the. variation of RA 
— in the earth itſelf; the diverſity of which appears from 
the different heat of the water iſſuing from it at different 
places *. „It has been conjectured. that the diverſity of the 
teppperature. of ſprings may probably depend on their different 
= Avaniens ; in the earth, with reſpe& to the level of the ſea. 
Two remarkably deep wells, both near. the ſea-ſhore, and 
gat far diſtaut from Canterbury, gave me a favourable oppor- 
tynity. of, making experimental ; inquiry. into this, matter; eſpe - 

cially, as the ſituation of the two ſprings differed aer 
f 09W each other 1 in reſpect to the level of the ſea. One of 

theſe. 1 is a well in Dover Caſtle, which i 18 ſunk 360 feet through 
the vgh cliff of chalk on which the Caſtle ſtands, and the 
depth of the well is nearly equal to the height of the cliff 
from the ſea. The other is King s- Well at Sheerneſs + 
which was. ſunk 33⁰ feet through almoſt one eutire ſtratum 
of firm clay, where the ſurface of the ground jj four feet 
above high water. 
Suppoſing tors the 1 in ſh: well to lie 3 
with the ſea, the ſpring. of the well at Sheerneſs lies 326 feet 
below ith a circumſtance extremely favourable to my. experi- 


The temperature here meant ĩs not that of the very hot ſprings which proceed | 
from particular local cauſes, ſometimes. rifing near the ſurface of the earth ; nor 
ber ſprings which are near enough to the ſurface of the earth to be affected by the 
change of temperature in the atmoſphere; but that heat which being found at a 
great depth'is more likely to be permanent, an may by oh apr to originate from 
ſome general cauie in the earth. | 


+ See an account of ſinking this curious well LS, Sir 2 PAGE, Phil, 
Tranſ. Vol. LXXIV. p. 6. 


ment. 


5 | kk Bae"! 8 173 
ment.” Te emperature of * ſprings n the lowing 
manner. 
After fathoming ck well with * as thine 1 "= 
one thermometer down to the bottom, and fixed another on the 


liue, fo as to reach to half the depth only, * a ee 10 
take the temperature of the air at the top- 


— 


Degrees of W in the wells... . 


Sep 28, 1784. Temperature of Oct. 6, 1784. mem 


the water in the new well in | the water in King's Wes! 
-Dover Caſtle. | at Sheerneſs. 


By thermometer at the top 56®- | By thermometer at chetop 53* 
By ditto at the middle 52 | By ditto at the middle 5 
By ditto at the bottom 48 By ditto at the bottom 36 
Pound the well 360 feet * Found the well 1 0 feet 
with 21 feet water. | 
About noon was: the time of 4 un 1 Ae as explyit | 
ments at both places, and the top of the reſpective wells vary 
ing from each other depended wholly on the accidental tertipe- 
krature of the atmoſphere at the time; but that the thermeme- 
ter at half the depth of the well at Dover gave nearly the 
mean heat of the top and bottom, while that in a correſpond- 
ing ſituation. in the well at Sheerneſs gave it colder than either 
top or bottom, 1 attribute to the following circumſtance. 
Over the well at Sheerneſs a machine is erected, which raiſes . 
the water by means of an horizontal windmill, working an 
endleſs chain. This chain, conſiſting of jointed double bars, 
with a number of buckets fixed thereon, at certain diſtances 
from each other, continually deſcending into, and aſcending. 
out of the water, to an elevation of eight or nine feet above 


og a : 


*. The. ſand brought up from the bottom of the well by the force of the ſpring 
has reduced | it to its preſent depth, 


the- 


5 
0 
: ; 
_ 
* 
U 
1 
4 


ein 
— che well may be ſuppoſed to recluce the water as 


than that at Dover well. 
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far as it reaches to the mean temperature of the air above; and 


thus I found it; for 51 degrees had been the mean temperature 
of the air near the ſea · ſnore for ſeveral days before. At the 
5 bottom of the well, near to which the chain never deſcends, 1 


found the temperature 56 degrees; above © 7 degrees warmer 


The water at the bottom of theſe wells be: I is, too 


1 deep beneath the ſurface of the earth ever to be affected by tlie 5 
temperature of the atmoſphere; for if the heat of the ſummer 
could have had any influence on either of them, that at Dover 
muſt have been moſt conſiderably affected by it, eſpecially in 
the month of September; and the air was ſomething warmer 


when the experiment was made at Dover than at Sheerneſs. 


From the nature of the different kinds of ſtrata in which theſe 
wells are dug, had they been in all other circumſtances the 
ſame, one might reaſonably expect to find the warmer ſpring in 
the chalk, and the colder in the clay; but here the reverſe is 
ſeen, without any apparent local cauſe, except the different 


levations of the ſprings? in reſpect to the level of the . 
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Auguſt 1, 1787. 


TABLE I. 
Thermometers at different ſtations compared together. 
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Thermometers at different ſtations compared together. 
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Thermometers at different ſtations compared 
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Thermometers at different ſtations compared together. 
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the electrie Fluid, - and 4 Mb ged. By Edward I Whitaker 
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Read January 17, 1788. 


R. FRANKLIN, in various parts of the firſt volume - 
of his Experiments and Obſervations, aſſerts, That 
the natural quantity of electric fluid in glaſs cannot be 
increaſed or decreaſed; and that it is impoſſible to add any 
to one ſurface of a plate or jar, unleſs an equal quantity be, at 
the ſame time, given out from the other ſurface . This error 
has been adopted by ſucceeding elericians ; among others, by 
the late Mr. HE NLV, who in one of his laſt Papers, printed 
in the Philoſophical Tranſactions for the Year | 1977s has 
the following words: According to Dr. Fi RANKSIN' 8 theory, 
« the ſame quantity of the electric matter which is thrown 
6c upon one of the ſurfaces of glaſs, in the operation of charg- 
ing it, is at the ſame time repelled or driven out from the other 
4 ſurface; and thus one of the ſurfaces becomes charged plus, 
« the other minus; and that this is s really the caſe 1 Me. 1 
« think, ſatisfactorily proved, &c. .“ 3 
BEeccaRIA alſo has adopted the ſame opinion, faying, « That | 
7 a quantity of exceſſive fire cannot be introduced into one 


* 4 The quantity proportioned to glaſs it ſtrongly and obſtinately retains, and 
will have neither more nor leſs.” Experiments and Obſervations, Vol. I. p. 26. 
See alſo p. 75. 81. et alibi, 

+ Philoſophical Tranſactions, Vol. LXVn. p. 100. 
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« ſurface, * Wach as an equal « doſe of natural fire can 
_ quit the other ſurface d. 3 
_ + Theſe affertions are, 1 apprehend, realy contrary to what 
really. happens. lnftead of which, T believe, we may ſafely 
aſſert, that glaſs, and every other "MO ſubſtance, may have - 
its natural quantity of electric fluid either increaſed or dimi- | 
8 niſhed to 4 certain limited degree; ; which degree bears no pro- 


. portion to the quantity of matter contained in a body, but is 


(ceteris paribus) in proportion to the extent of its ſurface. 
This law, which. is, perhaps, without exception, may be 
conſidered as one of the fundamental laws of electricity, and 
one upon which many of | its principal phenomena depend. 
At preſent I ſhall only conſider it fo far as it is the cauſe of 
what is commonly called the charge of a coated] Jar. 
Suppoſe ſuch a jar inſulated; and connected by its knob to 
the prime conductor of an electric machine ; ; if then. the ma- 
chine be put in action, a certain quantity of electric fluid 
(agreeable to the above- mentioned law) is added to the natural 
quantity belonging to the inner ſurface” of the jar. After 
which, if the finger, or any other conducting fubſtatice, be 
preſented to the outer coating of the j jar, a quantity of electtic 
| fluid, nearly equal to that thrown in, comes from it. But 
this departure of electric fluid from the outſide of the jar, 
cannot be (as Dr. FRANKLIN ſuppoſes it) the cauſe which Per-- 
mits the addition of fluid to the inſide, but is merely the con- 
ſequence of the action of that ſuperfluous quantity which was 
thrown in. And the operator may, if he pleaſes, inſtead of 
taking electric fluid from the outſide of the jar, take out again 
(oy touching the knob) nearly the: whole of what: * had 


* Treatiſe upon Artificial * Eng. Tranſ. ſect. 5 
thrown 


ber of the quantities allowed by the betone mentioned law, the 
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. gone _— the outſide of the 3 jar ® . 4 
When the quantity already ſpcken of has how. on * 
= the outſide of the jar (the equilibrium being nearly reſtored) 


another quantity like the firſt may again be added to the inner 
ſurface: after which a ſimilar quantity may again, be taken 


from the outſide : thus, by the ſucceſſion of a ſufficient num- 


jar may, at length, be completely charged. 

There are other ways of charging coated guss; ; but if it be 
allowed, that the charge, in the foregoing inſtance, is produced 
in the manner I. have ſuppoſed, it will not, 1 think, be diſ- 
puted, that all other cba. are ener by a fimilar r alterna- 


= aa 3 the > I hall now make « on ;the manner i in 
which the diſcharge 1 is produced. [hs df 0% 
When the aſtoniſhing velocity with, which. FR charge of 2 | 
ia or battery moves through. a conſiderable ſpace-is conſidered, 
it may at firſt appear impoſſible, that the. difcharge ſhould be 
made by the alternate giving and receiving ſuch ſmall quantities 
as thoſe by which the charge was produced; yet a more ample 
conſideration of the matter will, I think, they that 1 it cannot 
poſhibly be brought about any other way: 
T preſume it will be granted, that the hs of a far Ga 
diſcharging) either leaves it all at. once, or goes out by the fame 
ſmall quantities by which it went in. To ſuppoſe any inter- 


* Much diſpute has ariſen dong electricians reſgecting the degree of charge 
which may be given to an inſulated jar; but no ene, that I know of, has taken 
notice of a deception which will happen, if care'de not taken that the ſame ſide, 


by which the | jar is attempted to be cliatged; be firſt touched in trying whether it be 
charged or not; whereas it is clear, from what has been ſaid, that, if the con- 
trary ſurface be firſt touched, a ſmall charge will, from that very circumſtance, — 
be produced. | 
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it be conſonant to any of the Enotvn laws of electricity. 
I then the "while charge” leave the jar all at once, Mere 
* lai be a point of time at which the jar will be without any 
electric fluid either on one ſide or the e ther : nay more, ſup- 
poſe a large jar or battery to be diſcharged by means of a few 
inches of thin wire, there will then be a point of time at 
which the whole quantity of electric fluid, which conſtituted 
the charge, muſt be contained 1 in a piece of wire, n 
only a few grains. | SETTER. Lit NRC CHTE 4g. 2 

Now, if it be confidered, that time (like matter) i is infinitely 
| Aiviſible, may we not rather ſuppoſe, that the diſcharge of a jar 
is nothing more than an inconceivably rapid ſyccefſion of fuck 
ſmall quantities 4s may be ſent off, without cauſing ſuch 4 | 
geſtruction of the fee: as 1 laws of cleric ity: ſeer 


not to admit? FFF 


That this ſuppolitica! is is not quite free im obje eQions I 5 
1 admit; but beföre they are permitted to overthrow it, 
let it be well conſidered; whether they are (upon the. whole) as 
ſtrong * as thoſe 1 have ſtated: againſt the oppoſite opinion, Which 
I think may be pronounced to militate not only againſt What 
has been here mentioned as a fundamental liv bu g 
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| Read January 3t, 1788. 


7 HEN the experitments for OY the egree of 
A cold at which quickſilver becomes ſolid, related in the 
Philoſophical Tranſactions for 1 78 3, were under conſideration, 
no difficulty occurred in explaining the phænomena that had 
been obſerved, except in the few inſtances where the mercury | 
in the thermometer congealed, whilſt it was ſurrounded with 
ſome of the ſame metal i in a fluid ſtate. The well: known | pro- 
perty of water, that under different circumſtances it will bear 
to be cooled ſeveral degrees below its freezing point without 
A congealing, afforded from analo ö the moſt probable ſolution ; 
of this difficulty ; but as neither the cauſe of that property : 
had been inveſtigated, nor the circumſtances by which it 1s 
5 modified had been aſcertained, I. Was led to attempt ſome « expe-- 
ments on the ſubject; not only 1 in hopes of elucidating the 
above-mentioned pliznomenon | of the quickfi ilver, but alſo 
becauſe this very quality ir in water was itſelf a curious ſubject of 
reſearch. 3 bs, Ws 2] 
I began with endeavouring to determine, whether" this pte 
perty belongs to it as pure water, or depends Upon extraneous 
admixtures. For that purpoſe I poured ſome clean diſtilled 
water into a common tumbler glaſs, till it reached two or 


three inches above the bottom, and then ſet the glaſs in a 
frigorific 
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. mixture, made with ſow and common TY This 5 * 
was the method 1 uſed i in moſt of the following experiments, he 
ſometimes employing i ice ' inſtead. of ſnow, ſubſtituting a laſs 8 


| 28 1 


jar or F cylinder infteatt of a tumbler, and- filling the veſſel to a 
greater or leſs height abbve the bottom! 1 found that; in the 
frigoric mixture, the diſtilled water readily ſunk many degrees 
below 322, {till continuing fluid ; and by repeating the experi · 
ment with care, . ſeveral times cooled it to 24“7, 23*t, and 
even almoſt to 235. The temperature was aſcertained by means 
of a ſmall thermometer with a lliding ſcale; and though the 
5 water was not of the fame degree af cold throughout, yet the 
difference, when the experiment had been, well conducted, was 
not conſiderable; and ] was particularly careful that the ther- 
mometer ſhould not touch the ſides or bottom of the glaſs, ſo 5 
as to be affected im mediately by the cold of the mixture, 
| From, theſe experiments therefore i it ſeemed ev ident, that the 
| e of Ae. raped. below the freezing point did nat de- 
s admixture, eſpecially as I found, by com- 
als chat common pumꝑ- water would ſcarcely ever 
— to. 2 wg yy much. An ambiguity, however, {till 
remained, on account. of the air which is always mixed with x 
water that bas lain expoſed to the atmoſphere. In order to 
determir ine what might be aſcribed to this circumſtance, I put 
ſame of. the me diſtilled. water over the fire to boil, 1 in a clean | 
ſilver, veſſel, and kept it in violent ebullition for. a conſiderable 
time. In a few minutes after it had been taken off the fire, 
apd before. it was, nearly cold, | I ſet it in the frigorific mixture 
aſter the uſual anner; when, inſtead of freezing more rea- 
dily. i it bore to be .cooled two degrees lower than I had ever been 


—— 4 1 


able ta reduce the unboiled water, not congealing till the ther- 
mometer in it had ſunk wo 210 7 Subſequent experiments were 


attended 
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oo ittende®'wiith'a Milat reſult, auc have” ſuffi cently 0 d 
: ime, that, chef things equal, boiled * water may be cooled 4 
g Freter eb of degrees below” the freezing point, without 
congealing, than water which, not having undergone War 
operations, retains the air it naturally imbibes. 


As a further proof that the preſence of an aerial fluid in 


water rather leſſens than increaſes its quality of being cooled 
below the freezing point, I found that diftilled water, which 

Had' been for that purpoſe impregnated with fixed air, generally 
| ſhot into ice at a leſs degree of cold than the fame 1 water in its 
ordinary ſtate. I ſuſpe&, however, that it is uſually by the 
admixture of other atrial ſubſtances, ſuch as dephlogiſticated 
air, phlogiſticared air, or perhaps both, and not of fixed air, 
that water is inclined to cotigeal ſoon after it has paſſed the 


freezing point; for, as will be ſeen hereafter, acids rather im- 


prove than diminiſh the quality i in water of Sun 2 
lation. 

To determine the effect of Ar extraneous ſubllzülcr, * 
took ſome very hard pump-water, ſuch as is found in the 
northern parts of London, and ſet it in the frigorific mixture. 
In general it congealed ſooner by one or two degrees than un- 
boiled diſtilled water; that is, at 25 or 24 of the thermo- . 
meter; and as there was ſome variation in this reſpect, I was 
led to remark, that the greateſt cooling uſually took place when 
the water was moſt clear and tranſparent. With a view to-this- 
circumſtance I took ſome New-River water, which happened 
at that time to be confiderably turbid, and tried it in the frigo- 
rific mixture; when J found, very unexpectedly, that it was 
not in my power to cool any of it below the freezing point; 
a crult of ice always forming round the fides and at the bottom 


of the veſſel, whilſt the thermometer, ſuſpended about the 
2 EL | | middle 


= . 95 1133 . A 
7 "Rh of N ned or three. degrees above 320 2 To 1 
.  wyh how far this 4 on the nine M dec Mater, a 
ted 
Fre phe New: * water,, and added it to "the pumnp-water, 
which had before born to be cooled to 24” or 25, ſo as to 
render-it; turbid; when it congealed, in the ſame manner as 
the New-R wer water had done, before the thermometer in the 
middle of it came to the freezing point. It muſt not however 
be imagined, that water thus made turbid is incapable of being 
cooled below 322, without freezing : I have ſince repeated the 
experiments, with more caution in conducting them, and re- 
duced it two or three degrees below the point of congelation. 
But still they have all confirmed the general fact, that ſubſtances 
8 which leſſen the tranſ parency of water, render it at the 
ſame time much more difficult to be cooled below the freezing 
point, and diſpoſe it to ſhoot into ice more readily, after it 
bas paſſed that point, than pure water would do. It ſeems to 
be of little conſequence what the ſubſtance 1s that renders the 
water turbid : ſmall particles of any kind floating through 
„ believe, have this effect, which does not take place, or at 
leaſt to the ſame degree, when the extraneous ſubſtance has | 
ſubſided to the bottom. 

It is this circumſtance, 1 ſuppoſe, which gave riſe to the 
opinion, that boiled water freezes ſooner than unboiled : for if 
the water contain calcareous earth, held in ſolution by means 

of fixed air, as is the caſe with moſt kinds of ſpring- water, 
this will be precipitated by the boiling, and will ſenſibly trou- 
ble the tranſparency of the water ; which, if expoſed to the 
cold in that ſtate, will be liable to freeze ſooner than the ſame 
kind of water unboiled and tranſparent *. 


s 
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: - * See Philoſophical Tranſactions, Vol. LXV. p. 124. 2 
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5 = of 3 Water Lew 11 e Pair. 8 ME 129 * = 
The effect of this want of tranſparency was very different 
from that of chemical mixture, as yn; by ſubſequent | 
2 experiments. 22 
Though the property of being cooled ted the chinig point 
appeared to belong eſſentially to water in ĩts pure ſtate, it was pro- 
bable that it would be in ſome meaſure altered or modified by 
the various ſubſtances which are capable of being diſſolved in, 
or chemically combining with, the water, But here a further 
circumſtance came to be conſidered, It is well known, that 
ſuch ſubſtances, uniting with water, have a power of lower - 
ing its point of congelation a greater or leſs number of de- 
grees, according to the nature and quantity of the ſubſtance 
employed. The firſt object, therefore, was to determine in what 
manner the property of bearing to be cooled would be affected 
with regard to that new point of F congelation. For this pur- 
poſe I made many experiments with ſeveral different ſubſtances, 
which it would be too long to relate i in detail, but the princi- 
pal were as follows. 8 
HAHaving diſſolved in diſtilled water as ack common falt as 
| loweredits freezing point to 28?, I cooled it to 18 before it 
| congealed. Another ſolution of the ſame ſalt, whoſe freezing 
point was 165 bore to be cooled to 9®; and a ſtronger ſolution, 
| whoſe freezing point was 134, cooled to 5 before it ſhot. A 
ſolution of nitre, whoſe freezing point was 27, cooled to 16*, 
that is, eleven degrees below its new freezing point; a ſolu- 
tion of ſal ammoniac, whoſe freezing point was 12 cooled 
to 3; and one of Rochelle ſalt, freezing point 27, fuffered - 
the thermometer to fink in it to 16* before it froze; a cooling 
equal to the greateſt J ever obtained with the pureſt diſtilled _ 
water boiled. A ſolution of green vitriol, whoſe freezing 
point was near 30, cooled below 19“: and, of falts with an 
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2 2 ? n 99 a ſolutjen of the. common bitter p purging en. 
«6 whole freezing, point was at 2 os, bore to be cooled to 19". 
—_ - Acids, as I have already had occaſion to remark, rather” 
EZ augment this quality of being cooled below the freezing point. 
A combination of nitrous acid with diſtilled water, in ſuch. 
proportions that the new freezing point was between 18 and 
195 ſunk down to bo before i it congealed ; which being fully 
12 degrees of cooling, i 15 greafer than I have been able to 
produce with pure water. Another mixture of the ſame kind, 
ſo ſtrong as to have its freezing point about 1 15, cooled down 
to 1. A mixture of vitriolic acid and diſtilled water, whoſe 
freezing point was 241, cooled to 14%; ; and one with the acid 
bol ſalt, having its freezing point at 25 funk to 16 before 
= - at froze. It is here to be obſerved, that theſe acid mixtures 
were rather remarkable for the ſteadineſs with which they 
bore to be cooled, and the little tendency they ſhewed to ſhoot 
before they were ſunk much below the freezing point, than 
for exceeding the number of degrees which pure water might 
be cooled. Of the alkalies, a ſolution of tartar, whoſe freez- 
ing point was 2 55 cooled to 18; and another, with the 
freezing g point at 15, ſunk to go, A ſolution of cryſtalliſed 
ſoda, freezing point 300, cooled to 215 ; and a | ſolution of 
mild volatile alkali, freezing point 195 10 21%. A mixture 
of rectified ſpirit of wine and water, whoſe freezing point F 
was 125, cooled to 5%; and another, with the freezing point 
at 84, to 2˙. 
All theſe facts, with many 1 of the ſame nature which 
I obſerved, ſufficiently ſhew, that foreign ſubſtances, chemi- 
cally combined with or diſſolved in water, do not take away 
its property of being cooled below its point of congelation z + 
though, by W that point, they alter the degree of cold 


at 
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at which the property commences. Thee: experiments ſhew, 


_ that in ſome caſes the mixed water bore to be cooled as much 0 


below its new freezing point, as pure water below 32*; and 
with regard to the others, I think the variation was no greater 
than uſually takes place with different portions of common 
water. Scarcely any, perhaps none, of the above-mentioned 
points, were abſolutely the loweſt to which the ſolutions or 
mixtures could have been reduced, if the experiment had been 
conducted ſtill more ſlowly and cautiouſly. But however much 
they might all poſſibly have born to be cooled, a great dif- 
ference occurred among them in the eaſe with which the ope- 
ration ſucceeded. For inſtance, the ſolutions of nitre, and of 
Rochelle ſalt, would hardly ever ſhoot till they were cooled 
many degrees below their reſpective freezing points, however 
negligently the operation was conducted; whereas thoſe of 
common ſalt, ſalt of tartar, and ſome others, required con- 


ſtant attention to keep them from freezing, as ſoon as they 


were got four or five degrees below the point of congelation. | 
Their difference in this reſpe& may depend in part upon ſome- 
thing unknown in the nature of each particular ſalt; but 
there was one circumſtance to be diſtinctly traced, correſpond- | 
ing to what had been obſerved with pure water; namely, that 
the moſt tranſparent, moſt limpid ſolutions, were thoſe which 
admitted of being cooled with the greateſt eaſe and certainty. 
The ſame obſervation holds good with regard to the mixtures : 
thus the rectified ſpirit 1 employed aſſumed ſomething of an 
opaline tinge upon being mixed with the water (from the ſepa- 
ation of an oil it contained) and the compoſition bore to be 
cooled but ill, though a film of oil, regularly ſpread on its ſur- 
face, would rather have retarded the freezing; and the acid mix- 
tures, which cooled ſo remarkably well, ſtruck the eye parti- 
82 cCularly 
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82 on account of their very perfect and Side — 4 
rency. In this laſt caſe, perhaps, another circumſtance might 
contribute to the eaſy cooling, that the acids, by combining 
with the water, ſeemed to expel the air it contained more per- 
fſectly than moſt other ſubſtances, as appeared from the innu- 
merable ſmall bubbles that were almoſt immediately formed. 
Want of tranſparency, however, i 1s only one among foveral 
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cauſes which impair the property water naturally poſſeſſes, . 


bearing to be cooled many degrees below its freezing point. 
M. Mairan, in his elaborate Treatiſe upon Ice, having occa- 
ſion to examine this. ſubject, was led by his experiments to 
conclude, that the cooling of water below its freezing point 
depends upon reſt, and that agitation is the general cauſe by 
Which it is brought to ſhoot into ice. In this opinion he has 
been almoſt implicitly followed by all the writers I have ſeen, 
| excepting only Profeſſor W1Lcxs, of Stockholm *. To bring 
it to the teſt of experiment, I ſet in the frigorific mixture ſome 
diſtilled water, which by boiling had been rendered capable of 
ſuſtaining a cold of 21* before it froze. When this water was 
cooled to 225, I agitated i it, by moving the tumbler, by ak- 
ing a quill in it, and by blowing on it ſo as to ruffle the ſur- 
face; but it ſupported all theſe trials without congealing, and 


did not ſhoot till a minute or two afterwards, when by conti- 


nuance in the frigorific mixture it was cooled down to 21*. 
In other experiments, however, all the above-mentioned kinds 
of agitation made fimilar water inſtantly congeal, even when 
not cooled fo low by ſeveral degrees. The congelation, there- 
fore, muſt in theſe caſes have depended on ſome further cir- 
cumſtance than the mere want of reſt. One that I ſuſpected 


is a fort of tremulation, rather agitating ſmall portions of the 
* Kong. Vetenſk. Acad, Handlingar, Vol. XXX. p. 103. 105. 
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water ſeparately, than moving the whole together. I have 

found, that ſtriking the bottom of the tumbler againſt a * 

would produce inſtant congelation, when ſtirring the water, or 

ſhaking the tumbler in the hand, would have no effect. In 
like manner, when iu ſtirring the cooled water the quill, or 
ſtick of glaſs, employed for that purpoſe, ſtrikes againſt the 
fide or bottom of the tumbler, the water, which had reſiſted 
the general ſtirring, is often by this percuſſion made to freeze. 

The ſame effect is produced, and with leſs uncertainty, if the 
| quill, or ſtick of glaſs, be rubbed, and as it were ground, 

againſt the de of the tumbler. But of all ſuch methods 
of bringing on the congelation, | that which I have found 
to fail the ſeldomeſt, is to rub a bit of wax againſt the 
fide of the tumbler under the water; a particular roughneſs . 
in the motion is felt, with ſome ſound, approaching to a 
muſical tremulation, and a cruſt. of ice is immedrately 
perceived under the wax upon. the glaſs. This. effect of the 
wax I take to be mechanical, depending on its particular ſtate 
of conſiſtence. Wood acts in the ſame manner, though with 
leſs certainty; ſo does a quill, and likewiſe glaſs; but the 
latter, being very hard, produces the effect with leaſt certainty. 

It is a mechanical action upon the water in contact with the 
rubbing ſubſtance and the glaſs: for if the outſide of tho 
tumbler, or any part of the inſide above the water, be rubbed, 
even if it be wet ſo as to communicate a ſimilar feeling of 

tremulation, yet ſtill the congelation is not produced. 

All theſe modes of bringing on the congelation ſucceed beſt, 
as might be expected, in proportion as the water is more cooled. 
below the freezing point. Unleſs the cooling amount to four 
or five degrees, the friction with wax is often in vain. 
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From the above mentioned facts it appears, that M. 
Main Aw's poſition, though 'not deſtitute of foundation, was 


— . 


enounced by him too generally, and without ſufficient preciſion. 
It is the natural property of water to bear to be cooled a certain 
number of degrees without freezing; reſt favours this pro- 


perty negatively, by giving it no interruption; but moſt kinds 
of agitation interfere with its operation to a greater or leſs de- 


gree, and ſome perhaps would prevent it altogether ; whilſt 
others affect it ſo little, as not to ſuperinduce the congelation, 


even when the cooling is brought within one _ of the 
; greateſt that the water will bear. 


Whatever be the effect of agitation, there i 18 3 cauſe 


which much more powerfully haſtens the congelation of water. 


It has been long known, that when water is cooled below its 
freezing point, the contact of the leaſt particle of ice will in- 


ſtantly make it congeal, the glacial cryſtals ſhooting all 
through the liquor, from the ſpot where the 1 ice touches it, till 
the whole comes up to the freezing point. Few experiments 


of the minute kind afford a more ſtriking ſpectacle than this, 


eſpecially when the water has been cooled nearly as much as poſ- 
ſible below the freezing point; both from the beautiful manner 
in which the cryſtals thoot through it, and the rapidity with 


which the mercury in the thermometer immerfed in it runs up 


through a ſpace of 10 or 11 degrees, ſtopping and fixing always 


at 32 in pure water. If from any circumſtance, however, as a 


leſs cooling, or the addition of a falt, the ſhooting of the ice 
proceed more ſlowly, the thermometer will often remain be- 


lew the freezing point even after there is much ice in the 


liquor; and does not rife rapidly, or to its due height, till ſome 
of the ice is formed cloſe to its bulb; which exemplifies the 
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evolution of the latent heat from the very. particles that 
congeal. | | 
Many of the circumſtances 8 the grester or leſs 
cooling of water below its freezing point depend upon this 
principle. In a calm day, when the temperature of the air 
was about 20%, | expoſed two veſſels with diſtilled water to 
the cold; one of them was ſlightly covered with paper, the 
other was left open: : the former bore to be cooled many 
degrees below the freezing point, whilſt a cruſt of ice 
always formed on the ſurface of the other before the thermo- 
meter immerſed in the middle of it came to the freezing 
point. Thus phznomenon, which other obſervers have re- 
marked without being able to account for it, appears to me 
clearly owing to frozen particles, which in froſty weather are 
almoſt always floating about in the air, often perceptibly to the 
ſenſes. They come moſt commonly either from clouds paſſing 
over head, or from ſnow or hoar-froſt lying upon the earth; 
and when they touch the cooled ſurface of the water, inſtantly 
make it freeze. That the effe& does not depend fimply on 
the contact of cold air, is plain from the following experiment. 
D expoſed to the cold a glaſs jar, with ſome diſtilled water, and 
placed in it two thermometers; one immerſed in the water, 
the other ſuſpended a little above its ſurface, in the empty part 
of the jar. The latter ſunk faſter than the former; but after 
a certain time, the thermometer above the ſurface was at 2 "aA 
and that in the water at 25, yet the water continued un- 
frozen. I perceive too by M. WILCEE's experiments, that 

in much more intenſe cold than we uſually experience in this 
country, veſſels of water ſtanding within doors in a laboratory 
are often cooled ſo far below the freezing point as to become 
almoſt full of ice en being made to ſhoot, though the 
ſurface 
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ſurface of the water be in no wiſe defended from the cold air 
of the. laboratory. Oil ſpread over the ſurface of water has 
| been found to prevent it from freezing, when other water 
" =_ expoſed has had a cruſt of ice formed upon it. This 
1 aſcribe entirely to the prevention of frozen particles from 
coming in contact with the water: for in experiments with fri- 
gorific mixtures, in a room of moderate temperature, 1 do not 
find that oil on the ſurface has any ſenſible effect in enabling 
water to ſupport more cold, unleſs, indeed, where the opera- 


tion is otherwiſe too much precipitated. Alſo a crack in the 


tumbler containing the water prevents it from cooling below 
the point of congelation, a thin film of ice inſinuating itſelf 
through the crack into contact with the water. And often, i in 
experiments with frigorific mixtures, the congelation is brought 
on by raiſing the immerſed thermometer a little out of the 
water, and lowering it down again; ſome of the adhering 
water having frozen. upon its ſtem, 
Several other circumſtances, though not ſo diſtinctly aſcer- 
tained as the preceding, appear to facilitate the congelation of 
cooled water. For inſtance, in experiments with frigorific mix- 
tures, if the cold be very intenſe, the water freezes almoſt 
immediately round the ſides of the veſſel, as if ſomething 
depended on too ſudden a change of temperature. Accord- 
ingly, the only way of inſuring the greateſt degree of cold in 
water without freezing, is to cool it in a very gradual manner, 
keeping the cold of the frigorific mixture regularly only two 
or three degrees below that of the water. Sudden cooling, there- 
fore, may be conſidered as one of the cauſes which haſten conge- 
lation. No doubt this will ſometimes depend on ſuch a cold as 


water cannot refiſt without freezing, being propagated through 
the glaſs to the neareſt part of the water, quicker than it can 


. cooling of Water below its x 0 Point. 137 2 
be diſtributed to the reſt of the water; but, I think, tho 
above-mentioned effect takes place when no part of the fluid 
| can be ſuppoſed to be many degrees below the freezing point. L 
It has been alledged, that metal | in contact, either with the 
outſide of the veſſel containing the water, or with the water- 
itſelf, diſpoſes ; it to freeze ſooner after it is cooled below 32%. | 
"Though upon repeating this experiment I have found it poſſible 
to « cool water in à metal veſſel many degrees below its freezing 
point, and even to touch it, when ſo cooled, with metal 
equally cold, without producing congelation ; yet the metal 
certainly tends to haſten the freezing, and, I believe, on the 


above-mentioned principle of too quick a change of tempera- 


ture, occaſioned by its quality as a good conductor of heat. 
For the ſame reaſon it is more difficult to cool water much 
below the freezing point in thin veſſels than in thoſe whoſe 
bottom and ſides are of conſiderable thickneſs; ; the latter 
tranſmitting the heat more ſlowly, and allowing it thereby to 
be diffuſed more equably. | 
In cooling water below its freezing point by frigorific mix- | . 
tures, it is of conſequence to keep the mixture ſome way 
below the upper edge of the water within the tumbler, other- 
| wiſe the congelation quickly begins at that place. This very 
likely depends on the principle laſt mentioned, that the thin 
| edge of water riſing up againſt the fide of the glaſs, being 


more in contact with air than with the general maſs of water, ” 


does not ſo eaſily diſtribute 1 its cold, 'and therefore ſuffers a more 
rapid change of temperature by the action of the mixture. 
Hence one of the moſt effential precautions for cooling water 
to the utmoſt without congelation, is to perform the experi- 
ment in a warm room, that the air in contact with the edges 
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and ſortler of the water may prevent their ſudden cooling. 
And one of the moſt convenient veſſels for the purpoſe is a 
round body. terminating in a neck, the body to be ſurrounded _ 
with the frigorific mixture, whilſt the water in the neck 1 BY 
kept above the freezing point. W PHO, 
"Theſe are the principal facts with which my experiments 
have furniſhed me relative to the cooling of water below its 
point of congelation. I ſee no general circumſtance that ap- 
plies to them all. At one time I thought that much depended 
on reducing the water into thin plates; an idea which was 
principally ſuggeſted by the more ready congelation of the 
edges of the water where it riſes up as a thin film on the ſides; 
and by the effe& of extraneous ſubſtances floating i in the water 
to haſten its freezing, which might be ſuppoſed frequently in 
their motions to intercept ſmall portions of the fluid, and form 
it into thin plates. Agitation likewiſe might act by reducing 


the water in ſome part or another into ſimilar plates. And as 


water impregnated with air appeared leſs capable of being | 

cooled than the fame water deprived of its air, it ſeemed not 
impaſſible that the air might act likewiſe by producing thin 
plates in different parts of the fluid. With a view to this hy- 
potheſis I made ſeveral experiments. Into a tumbler with 
diſtilled water I put a quantity of ſand, which ſettled looſely 
to the bottom, and left the water above as tranſparent as be- 
fore. This tumbler being placed in the frigorific mixture, 
the water bore to be cooled as well as it had done without this 
addition. Laying thin bits of glaſs upon one another at the 
bottom of the tumbler, in place of the ſand, I found no dif- 
ference in the effect. By this latter experiment It was more- 
over proved, that points in the water do not perceptibly facili- 
tate its cryſtalliſation into ice, Now the thin plates or wedges 
of 
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of water, which muſt be intercepted by the bits of ſand or 


glaſs, ſeem very analogous to ſuch as may be produced by 
floating particles of extraneous matter; and therefore the effect 


of the latter is probably to be aſcribed to ſome other cauſe, 


ſuch as haſtening the cooling, or rendering it leſs uniform, or, 
perhaps, communicating motion to the fluid. Fo 
In the preceding inſtances, however, the water may be con- 
ſidered as conſtituting, by its adheſion, a ſort of continued 
body with the ſubſtance it touches; aud it might be ſuppoſed 
that, if one or both ſurfaces of the thin plate were in contact 
with air only, the congelation would take place. I therefore 
put down ſome air, retained by a ſmall diſh of wax, into the 
water to be cooled, and let it ſtay there till the whole was 
reduced many degrees below the freezing point; but no conge- 


5 lation enſued : 1 then contrived to turn up the diſh of wax in 


the water, fo that the air it had carried down, eſcaping from 
under it, aſcended as a bubble to the top of the water, and 


there burſt: ſtill the water retained its fluidity, notwithſtanding 


the contact of a looſe bubble of ſuch cold air, and the motion 
produced by its exploſion on the ſurface. In other experiments, 


I have indeed ſeen the burſting of a bubble on the ſurface ap- 


parently bring on the congelation ; but ſcemingly from the 
agitation it occaſioned. And though a wetted ſurface, or a 
ſmall thin portion of water, freeze in general more readily | 
than a larger maſs, yet I have ſeen inſtances of a jar cooled 
many degrees below the freezing point, and the water and air 
in it equally cold, which had, notwithſtanding, upon its in- 
ſide, from the ſurface of the water to an inch or more above 
it, an evident dew that remained quite fluid, and rendered the 
ſur face of the glaſs wet. Under the ſame circumſtances alſo, I 
have raiſed the thermometer out of the cooled water, without 


ene any congelation in the adhering thin film of that 
T 2 fluid. 
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fluid. Theſe faQs, though they do not ſhew but that a Alm of 
i water, in in contact on _both fides with air below its 5 freezing 


prove, that it its Aan into thin plates is not a general cauſe 
of its early freezing. 
From a conſideration of the above-mentioned cauſes of 
freezing, and their various exceptions, I am led to think, that 
the matter in queſtion depends upon ſome circumſtance of the 
more intimate nature or compoſition of the water; for in- 
ſtance, the arrangement, attractions, and perhaps ſhape, of 
its particles. If we ſuppoſe the particles of water to poſſeſs a 
kind of polarity, that is, to have particular attracting points 
or ſurfaces, properly arranged, not only its cryſtalliſation in 
regular angles, but likewiſe moſt of the above-mentioned phæ- 
nomena, admit of ſome kind of explanation. For latent heat, 
be it a matter or motion, may be conſidered as a cauſe either 
leſſening the power or impeding the operation of this polarity; 
the effect of which is gradually diminiſhed by external cold, 
till at length the polatity entirely overcomes the reſiſtance it 
-occafions, and the attracting points or ſurfaces ruſh together. 
Whatever tends, therefore, to bring theſe particles into a ſtate 
more advantageous for their junction, as by preſenting their 
attracting ſurfaces more directly to one another, forcing them 
nearer together, or removing attractions of a contrary ten- 
dency, and allowing the particles free ſcope to follow the im- 
pulſe of their polarity, muſt tend to haſten the congelation. 


When particles of water, already frozen, are preſented to 
other fluid water of a proper degree of coldnefs, not only the 
attracting ſurfaces will be in the moſt favourable poſition from 
the arrangement they have taken in the freezing, but very 
poſſibly their power may be ſtronger from their union with 
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one another; and hence ſuch water is inſtantly brought to 
freeze. Indeed it is this circumſtance which conſtitutes the 
freezing point ; for that point is evidently nothing elfe but 
the 'degree of cold' which renders the particles of any fluid 
incapable of reſiſting the attractive power of other particles of 
the ſame fluid, already reduced into a ſolid form: and the fact, 
that the cold of the freezing point is leſs than the fluid will 
otherwiſe bear, ſeems a proof” that when the particles have 
acquired this arrangement of ſolidity, their attractive powers 
are the ſtrongeſt; fo that the difference between the freezing 
point, and the greateſt cold the fluid will bear, may be conſi- 
dered as the meaſure of this additional attractive force. 
Agitation may be eafily conceived, by the various motions 
:capreſſed upon the particles, to occaſion fome of them to apply 
their polar points in a more advantageous poſition, or even to 
force them nearer together; ; and theſe effects are more likely to 
be produced by an intimate agitation, than by a general motion 
of the whole maſs. The want of tranſpatenicy, in certain 
cafes, as in fome ſolutions of falts, ſeems not owing to the 
pteſence of foreign matters, but rather to depend upon a par- 
ticular arrangement of the combined particles, which may 
diſpoſe thoſe of the water to join more readily, and detach thoſe 
of the ſalt. Extraneous ſubſtances, beſides their indirect 
effect, may, by various chances attending their floating in the 
water, throw the particles into favourable ſituations; and if 
thin plates are more diſpoſed. to freeze, it may be, that the 
particles of water in ſuch are more free from counteracting 
attractions. 
Sudden cooling may promote congelation fimply by occa- 
fioning the water at the bottom and ſides of the veſſel to ac- 
quire a greater degree of cold than the reſt. But perhaps it 
may have alſo another effect, admitting of a particular expla- 
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nation. Water! in freezing undergoes a oonfiderable expanſion. 
This may be aſcribed to ſuch a form of its particles, and poſi- 
tion of their poles, as ſhall make them, when touching and 
| adhering by thoſe poles alone, intercept very large interſtices, 
which may be conſidered as the pores of the ice. Various poſi · 
tions of the poles and figures of the particles may be con- 
ceived, which ſhould cauſe them to. occupy more fpace, when 
touching in certain points only, than they filled when lying 
near without any contact. But in whatever way the expan- 
ſion is produced, experiment hath ſhewn. that it begins ſome 
time before congelation; ſo; that when water is cooled down 
to 327%, it is already ſenſibly expanded; and if the congelation 
does not take place here, this, expanſion. augments, in pro- 
portion as the water is further cooled *. The expanſion, 
therefore, being ſo evidently an approach to freezing, may 
be conſidered as an indication that the polarity already pre- 
vails ſo far as to draw the particles ſome what out of the 
ſituation they naturally aſſume in the higher temperatures. And 
it is conceivable, that if this operation go on very quick, and 
the conſequent change of poſition in the particles be made with 
| ſome degree of velocity, they may acquire a ſmall momentum 
of motion, enabling them to overcome a reſiſtance which 
would otherwiſe nt their Junction. | 


* In experiments whers the water bas cooled much below its freezing point, 
I have ſeen the expanſion ſo great as to bear a conſiderable proportion to the 
whole expanſion produced by freezing, which laſt, 1 believe, is more than one - 
ſeventh of the volume of the water. It ſeemed to me as if the expanſion proceeded 
in an increaſing ratio, being much greater upon the laſt degrees of cooling than it 
was upon the firſt. The difficulty of procuring a proper apparatus for theſe experi- 
ments has hitherto prevented me from aſcertaining the quantities with preciſion. 
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As chemical combinations all depend upon ane be- 
tween the ſubſtances which unite, it is not difficult to conceive, 
that a particle of ſalt, an acid, or the like, may attract a particle 
of water in ſuch a manner as ſhall oppoſe or diminiſh its attrac- 
tion for the other particles of water. Hence the polarity may 
be ſo much weakened, as not to bear the ſame proportion to the 
refi ſting power of the latent heat, till this alfo is diminiſhed 
by a greater degree of cold, which conſtitutes the new freez- 
ing point. But when, by increaſing the cold, all the powers 
are reduced to a ſimilar ſtate of equilibrium, exactly the ſame 
phænomena take place as belong to the natural . point 
of the water. 
To affiſt the conception, I hive here reaſoned upon the | par- 
ticles of water as ſolid, and of a determinate ſhape. But it 
ſeems moſt probable, that the particles of matter in general 
are nothing more than centres to certain attractive and repul- 
five powers; on which hypotheſis it may be underſtood, that if 
two or more of theſe central points are brought much within 
the limits of their reſpective attractions and repulſions, theſe 
powers will no longer be equal at equal diſtances from their 
common centre. Now ſuch a combination of central points 
may be confidered as one particle of any particular matter; 
and the unequal diſtances from the common centre at which 
the attractions and repulſions are equal will define what may 
be called the ſhape of that particle. . And if, at equal diſtances, 
the attraction or repulſion is much greater at one Point than at 
another, that will conſtitute a polarity. 
The greateſt cold I have been able to make water acquire 
without freezing, is near 12 degrees of FAHRENHEIT 'S ſcale 
below its common freezing point. Some diſtilled water was 
boiled about a quarter of an hour in a tin cup, and placed in 
ih 5 the 
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the ſame veſſel, whilſt ſtill warm, in the Serie mixture. The 
mixture was made to act very ſlowly, ſo that the operation con- 
tinued more than an hour. When the immerſed thermometer 
had ſunk to 200, the water was ill fluid: I then ſhook it 
conſiderably, but no ice formed. + After waiting ſome time, 
-and finding the thermometer would fink no lower, becauſe by 
the length of the proceſs the ſnow of the mixture was almoſt 
_ conſumed, I added ſome freſh materials, which could not be ; 
done without ſhaking the tin cup. Still, however, the 
| water did not freeze. inſtantly, though it ſhot as ſoon after 


zs it can be ſuppoſed to have felt the influence of the new 
frigoriſic mixture. When this water was cooled to 2, 1 


tried the temperature of the air near its ſurface, and found 
it 34 or 35˙, the experiment being performed in a room with 
a fire. 
Another time I cooled 7 diſtilled water, covered with | 
oil, below 21, by ſimilar precautions. 


This, however, is by no means the greateſt cooling of 
which water is ſuſceptible. In FanxENRHRTr's experiment, 
with an exhauſted globe half full of boiled rain water, it 
ſeems to have been cooled to 15**. M. pz Luc likewiſe in- 
forms us, + that having filled a thermometer with ſome water 
he had purged of air by the means deſcribed in his great work 
upon the atmoſphere, he expoſed it to a cold which ſunk a mer- 
curial thermometer to 14% of FaHRENRHEIT's ſcale. The water 
in the thermometer continued tranſparent, and upon breaking 
the ball was found to be liquid, but froze that inſtant. In 
ſome of my experiments too with mixtures of nitrous acid 
and water, the liquor bore to be cooled as much as 1 3 degrees 


* Philoſophical Tranſactions, vol. XXXIII. p. 81. ee 
+ Idees ſur la Mcteorologie, Tom, II. p. 105. 
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below its new freezing point; and it has b already ob- 
ſerved, that the addition of an acid always OT much air from 
the water. It is not improbable, therefore, that if water 
could be thoroughly purged of air, it would readily bear, to be 
cooled 18 degrees, or more, below its freezing point, without 
congelation ; '$ though the deprivation of air, obtained by boil- 


ing it, is ſuch only as will barely enable it to n a cooling 
of 12 degrees. 


Other fluids may bear to be cooled ak more or their 
proper point of conſolidation. This is evidently the cafe in 


what Mr. Cavenvisn calls * the ſpirituous congelation of 
acids. Mr. Me Nas's nitrous acid bore to be cooled from 30 
to near 40 degrees below its freezing point + ; and Mr. KEIR's 
vitriolic acid at the ſtrength of eaſieſt freezing continued fluid 
at 29, though its heat became 465 when it began to congeal }. 


How low quickſilver may be cooled has Not yet been aſcer- 


tained, but probably. many degrees below - Job. ; 


kl 3 


So many of the above-mentioned facts were obſerved in the 
year 1783, that 1 then ventufec to remark,” that inde- 
« pendently of theſe eircufaſtances, neither "Feriog, agita- 
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ce "nw a een a freſh. air on - the: Karfaerß nor the con- 
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repeated aſſertions of authors to the contrary **,” Similar ex- 
periments, made in the courſe of the ſucceeding winters, have 
confirmed in general the former reſults, and furniſhed the 


materials of the preceding ſheets. I am very ſenfible, that the 


* Philoſophical Tranſactions, vol. LXXVI. p- 261. 
F Ibid. p. 252. 

t Ibid. Vol. LXXVII. p. 279. 

* Ibid. Vol. LXXIII. p. 358. 
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ſubjeet ſtill remains involved. in great obſcurity ; nor mould 1 
have troubled the Society with an account of experiments 
which leave ſo much uncertainty, had I not thought that they 

tended to elucidate a few points, and to correct ſorne erroneous 

4 opinions. I hope that perſons inhabiting a climate more ad- 

vantageous for the purpoſe, will be induced to undertake fuch 
experiments in another, and probably : a more ſucceſsful way, by = 
expoſure to natural Jud. | 7 1 e 
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Acidity, the Compoſition of Water, and VOM * 
n * LI. D. F. R. S. 


Read February 7, 1788. 


HAT water conſiſts of two kinds of air, dephlogiſti- 

L cated and inflammable, is now, I believe, generally 
admitted as one of the moſt i important, and beſt aſcertained, 
doctrines in chemiſtry. My own experiments having ſeemed 
to favour it, I made no difficulty of receiving it myſelf: but 
having, at the time of the publication of the laſt Volume of 


my Experiments, found that, in decompoſii ing the two kinds 


of air above mentioned by the electric ſpark, I got much leſs 
water than I expected, and, inſtead of it, à dark- coloured va- 

pour, not eaſily condenſed, I could not help concluding that 
| ſomething yet remained to be inveſtigated, with reſpeQ to this 
ſubje&, and determined, at a proper opportunity, to reſume 
my inquiries into it. 
At that time, however, I had no ſuſpicion of any acid 

being produced in the proceſs; having never been able to find 
any in the water which I had hitherto procured in pretty large 
quantities from the decompoſition of thoſe two kinds of air, 
though the doctrine of dephlogiſticated air being, or contain- 
ing, the principle of univerſal acidity, had been advanced by 
M. LavoisIes, and admitted by myſelf and others. 

Lap Ang that much of the water which had been procured 

1 in 
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in the above-mentioned proceſs was no proper conſtituent part 
of the air, but only ſuch as had been diffuſed through 1 it, and 
in ſome manner attached to it, and kept ſuſpended in it, and 
therefore might be ſeparated from it, without decompoſing the 
air; on reſuming theſe experiments, I uſed every precaution 1 | 
could think of to detach all water from the air on which [ 
operated. In order to this, J kept it confined by mercury, 
together with a quantity of fixed ammoniac, which imbibes 
water more readily, if not in greater quantity, than quick- 
| lime, or any other known ſubſtance. | 
5 In this more accurate method of makin 2 the experiment, 1 | 
was gradually led to diſcover the acid, which had eſcaped my 
| obſervation before. But I am not certain that I ſhould have 
found it even now, if I had not been aided by the ſagacity of 
Mr. Kzin, who was always of opinion, that ſome acid muſt 
be the produce of this experiment, or rather that the produce 
| would be ſomething which would become acid by expoſure to 
the open air. 

I began with ORE the laben, in * ſame glaſs veſſel 
from which the mixture of air had diſplaced the mercury with 
which i it had been filled; when I found, as I have obſerved in 
2 laſt publication, the whole of the veſſel was filled with a 
nſe ſmoke, which ſettled into a black coating of all the 5 
inſide of the veſſel, and which appeared, as before, to be mer- 
cury; becoming white by expoſure to the air. For ſome time 
I perceived no appearance of water: but placing the veſſel at a 
proper diſtance from a fire, I found about a quarter of a grain 
collected on the oppoſite fide; when, as the veſſel contained 
four ounce meaſures of air, the water produced ought to have 
been at leaſt a grain, 
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The mercury being an impediment in this proceſs, I afterwards 
confined the mixture of air in one veſſel (with mercury and fixed 
ammoniac as before) but I made the exploſions in another, which 
I had previouſly exhauſted of air. This veſſel was larger than 
that which I had uſed before, containing ſomething more than 
eight ounce meaſures ; ; ſo that the air it contained, being one- 
third dephlogiſticated and two-thirds inflammable, would have 
weighed about two grains. After one exploſion the quantity of 
water collected appearing inconſiderable, I repeated the proceſs 
in the ſame veſſel, and then collecting the water, I found. Wo 
not to exceed a grain and an half. | 
9 repeated this experiment very often, and conſtantly found 
ſome water, but it always fell far ſhort of the weight of the 


— decompoſed. There muſt, therefore, have been ſomething 


not very fluid adhering to the ſides of the veſſel, which could 
not be diſlodged by a adden heat; and indeed the glaſs did 
not recover the perfect clearneſs that it had before the proceſs. 
I always obſerved, that, preſently after every exploſion, | = 
veſſel was filled with a denſe vapour, ſo that it was ſometimes 
impoſſible to ſee through it; and before I admitted the exter- 
nal air, I could pour it from one end of the veſſel to the other, 
and it ſeemed to fall almoſt as faſt as a feather in a common 
vacuum, and in general it did not diſappear 1 in leſs than ten 
minutes. I even found this denſe vapour when the mixture of 
air had been confined by water. The ſmell of the veſſel, 
after the proceſs, was that of the moſt offenſive kind of in- 
flammable air from iron. 

From theſe experiments it was ſufficiently evident, that 
ſomething more than water had been produced; and pouring 
into the veſſel a quantity of the Juice of litmus, it was in- 


ſtantly turned to a deep red; ſo that it was equally evident, 
| that 
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x that an acid had been formed. In all the preceding experi- 
ments the dephlogiſticated air had been procured from man- 
ganeſe; and in all the experiments mentioned in this Paper, 
-.- a. inflammable air was from iron by water only. 14 
A great number of ſtrong glaſs veſſels having been keen 
in theſe experiments, and ſometimes with ſome hazard to my- 
ſelf, and the quantity of air that I was able to decompoſe in them 
being ſmall, I next procured a Copper veſſel, which contained | 
about thirty-ſix ounce meaſures of air; and having now no 
other object than diſcovering the hind of acid that I had pro- 
cured, 1 made repeated experiments in it ; and after every ten 
or twelve . exploſions collected all the liquid matter I could 
| + find; which, as the air had been previouſly confined by water, 
was pretty. conſiderable, about equal to the weight of the air. 
The liquor that I procured 1 in this manner was always of a 
deep blue or green, being evidently a ſolution of copper. But it 
alſo contained a redundant acid, as appeared by its turning the 
juice of litmus red. Beſides this blue liquor, there was 
always a quantity of ſeemingly abraded copper; for it was 
perfectly and quickly diſſolved by volatile alkali, as copper 
very minutely divided would have been. 
In theſe experiments J uſed, at different times, dephlogitti- 
cated air from manganeſe, from red precipitate, and from red 
lead, as the moſt unexceptionable of all; and as it was obli- 
gingly furniſhed me by Mr. Ke1s, the preparation of it may 
be depended upon. There did not, however, appear to be any 
other difference in the liquors produced by means of theſe kinds 
of dephlogiſticated air, except in the ſhade of the colour ; that 
from manganeſe being of the deepeft blue, and that from red 
lead the lighteſt ; and this difference might be accidental, 
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By the aſſiſtance of Mr. KIR I examined'theſe ſolutions of 
copper, and preſently found, | by means of 4 ſolution of terra 
ponderoſa in ſpirit of ſalt, that it was not, in any of the caſes, 
the vittiolic; and yet, as the dry ſubſtance left by the evapo- 
ration of the liquor did not deliqueſce, I had concluded, that 
the acid was neither the nitrous, nor the marine; but Mr. 
Kik informs me, that this is the caſe with a "way ſaturated 
ſdlution of copper in ſpirit of nitre. 7771 
Alſo Dr. WITHERING, who was ſo obliging as to examine 
ſorne of theſe liquors for me (for, not being much accuſtomed 
to theſe analyſes, I had requeſted him to undertake it) had Pro- 
cured from that in the production of which the red kad had 
been uſed, cryſtals of nitre, and other indiſputable indications 
of nitrous acid; fo that I was peaks It 1 was this acid that: 
Was produced i in all the caſes. * 
I had a farther proof of the acid 4 eng "I nitrous; that. 
Hug (in order to get a quantity of liquor that ſhould be as 
little ſaturated with any metal as poſſible) uſed a veſſel of timed : 
iron, I found, that after ſome time, when the tin had been 
| rin corroded (and with every proceſs a conſiderable quan- 
tity came away) the liquor, which at firſt was colourleſs; was 
tinged with red. In theſe eee 1 made ule of FRE" - 
| giſticated air from red lead. I; 
As both the kinds of air made uſe of in thele experiments : 
were exceedingly pure, it ſeems evident, that phlogiſticated 
air does not contain all the elements of nitrous acid; but only - 
ſupplies a baſe for it, the dephlogiſticated air (which was uſed 
in a greater proportion in the valuable experiment of Mr. Ca 
VENDISH) ſupplying the acidifying principle, as I had con- 
jectured in the laſt Volume of my Experiments, p. 404. Be- 
ſides, mop all W air: could not be excluded in thoſe 
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candor. wall de made to thoſe i in which that inſtrument was has 


not uſed; and in them the flawly condenſable vapour above 


mentioned ſeems to be an evident ſymptom that the produce 


* 


was not mere water. But it is a; ſatisfactory anſwer to this 
objection, from the preſence of phlogiſticated air in the tube, 


that this kind of air is not decompoſed, or at all affected, by 
this proceſs, as will be found * mixing any, quantity of it 


vith the two other kinds of . Ar 


That a conſiderable quantity of water enters into the com- 


. of dephlogiſticated air, will not- be thought impro- 


bable, when it is conſidered that, in my former experiments, 
this appeared to be the caſe with reſpect to flammable air. For 


| without water this air cannot be 1 1 can 11 now . 


other Wade of * wack water ih Ca in the ovine, of 
them all. 


Terra AG, aerata ta(a aner of which Dr Wrruzzr ING 
has given us an excellent analyſis) gives no fixed air by mere heat. | 
But I find, that when ſteam is ſent . over it, in a red heat, f in 
an earthen tube, fixed air is produced with the greateſt 5 


dity, and in the ſame quantity as when it is diffolved 1 in ſpirit 
of falt: and, making the experiment with the greateſt care, 1 
find, that fixed air conſiſts of about half its weight of water. 
From vo ounces of the terra ponderoſa I got, by means of 
ſteam, 190 ounce meaſures of fixed air, ſo pure that at firſt 
1 50 ounce meaſures of it were reduced by agitation in water to 


34, and of the laſt produce, 30 ounce meaſures were reduced 


to one. Examining the reſiduum of the firſt portion by means 
of nitrous air, I found it to be of the ſtandard of 1.5. 
After 


4 Maths: inaprobable, ahi hes fame may. 4 true of every 
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found that I. procured 330 ounce meaſures of fixed air, with. 
the loſs of 160 grains of water. According to this, as the 
Air weighed 294 grains, the water in the fixed air muſt have 
been 80 parts of 147 of the whole. ie 
In another experiment, having previouſly UNE that three 
ounces of the terra ponderoſa yielded about 250 ounce meaſures 
of fixed air, I attended only to the loſs of water in procuring 
it, and I found it to be about one-fifth of an ounce, in two ſuc- 
_ ceflive trials, The quantity of fixed air would weigh 225 
grains, and the water expended. about 100 grains; ſo that, in 
this experiment alſo, the fixed; air muſt have cat about 
one-half of its weight of water. | 
That water enters into the compoſition of fixed, air, * 
| ab conſiderably. to its weight, 1s farther probable from the 
ſolution of terra ponderoſa in ſpirit of ſalt. Becauſe when the 
| ſolution is evaporated to dryneſs, and the reſiduum expoſed to 
a red heat, the weight of the air, and of this reſiduum, ex- 
ceeds that of the ſubſtance from which it was procured ; and it 
is probable, that a red heat would ,cxpel ay. marine acid ad- 
hering to t. | 
Forty- eight grains of terra 1 1 in Grit of 
Galt, and then evaporated to dryneſs, and expoſed to a red - 
heat, Joſt four grains, and yielded eight ounce meaſures of 
fixed air, which would weigh 7.2 grains; conſequently, three 
ſevenths of the weight of the air was ſomething that had 
been gained in the proceſs, and therefore probably water. 
The near coincidence of the reſults of theſe different expe- 
riments is remarkable, and makes it almoſt certain, that no 
marine acid is retained in the terra ponderoſa that has been diſ- 
ſolved in it, after expoſure to a red heat; that the generation 
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1 bf the fred air carries off part of the Water in the men- 
mum; and that his ae the ade af 


_ pe > ſn * 3 4 21 18 
f 8 * 442 0 88 8 *. . n o d j 
* 4 1 Fonds &3 a * " — + 4. as > "TR Py Þ [# K * * ann 2 * x * - * 4 Youu? * * 
Fi , q r * N , k bg * ts > M4 Yb. ag "#4 q 0 
2 rd a N & : 5 * N * p y : * 4 6 F * 5 =. 7 4 . 1 
5 8 9 9 tar. ASAT 2 CEE "= * 7 « 1 * * g 
= * | . 8 8 , 2 „ M * 3 * * W. Pl 
« % \ | ' E: * ; 2 . . Fa 1 » ; : \ 
* r . < 4 *% 


1 Phinariy's — be f f 


the whole. 


I muſt use that the ſuppoftion of water entering lets 
the conſtitution of all the kinds of air, and being, as it were, 
their proper baſis, that without which no atriform ſubſtance 
can ſubſiſt (which the preceding experiments render in a high 


degree probable) makes it unneceſſary to ſuppoſe, as myſelf as 


well as others have done, that water confiſts of dephlogiſti- 
_ _ cated air and inflanmable air, or that it has ever been either 


ex e or decompoſed i in any of our proceſſes. 


That water is decompoſed when inflammable air is procured 


( 


from ĩ iron by ſteam, is not probable; fince the inflammable prin- 


ciple may very well be ſuppoſed to come from the iron, and the 
addition of weight acquired by the iron may be aſcribed to the 
water which has diſplaced it. Alſo when the feale of iron, 


or finery cinder, is heated in inflammable air, i yu out what 
it had gained, vix. the water. 


The moſt plauſible objection to this Wpebetz 18, that iron 


rounded by dephlogiſticated air. But from the preceding expe- 


riments it appears, that by far the greateſt part of the weight 
of dephlogiſticated air is water; and the ſmall quantity of 
acid that is in it may well be ſuppoſed to be employed in 


forming the fixed air, which 1 is always found in this proceſs: 
for that there is one common principle of acidity, and that all 
the acids are convertible into one another (at leaſt the nitrous 


acid into fixed air) 18 by no means an improbable ſuppoſition, 


though we are not yet in poſſeſſion of any proceſs by which it 
may be done. It is pretty evident that, in this reſpect, nature 
actually does what we are not able to do. 

2 ES In 


had 


gains the ſame addition of weight, and becomes the ſame 
thing, whether it be heated i in contact with ſteam, or ſur- 


onde 
5 


— the — of Wat ater, il nil 


153 

In my laſt Volume of Experiments, 1 recited the Jr 
lars of one, the reſult of which ſeemed to be diſſimilar to this 
with the ſcales of iron and inſlammable air; 3 for heating red pre- 
cipitate in inflammable air, I then found little or no water; 
but having uſed more precautions, I have ſince found it in ſuf- 
ficient quantity in this proceſs, even though the inflammable 
air was previouſly well dried with fixed ammoniac. In this 
experiment I diſcontinued the proceſs after three ounce meaſures 
of air were abſorbed, leaving room in the veſſel, that the moiſ- 
ture might be more eaſily collected. With this precaution, 
and warming the veſſel, I collected between an half and three- 
fourths of a grain of water. 5 

This experiment may be thought t to be un favourable to my 
preſent hypotheſis, as all water was carefully excluded, and yet 
a ſufficient quantity was found in the proceſs. But beſides 
taking into the account the water that is neceſſary to conſtitute 
the inflammable air, why may not red precipitate, in its dryeſt bi 
ate, be ſuppoſed to contain water, as well as the ſcales of 
iron, which will bear any degree of heat without parting 
with it. Red precipitate is made by a liquid proceſs, and there- 
fore the water, that may enter into its . as a calx, 
may quit it when it becomes a metal. 
I ſhall take the liberty to obſerve farther, that the doctrine 
of the decompoſition of water being ſet afide, that of phlogiflon 
(which, in conſequence of the late experiments on water, has 
been almoſt univerſally abandoned) will much better ſtand its 
ground, as all the newly diſcovered facts are more eaſily ex- 
© © plained by the help of it. | 

If water be not decompoſed, beth metals and ſulphur do 
certainly yield inflammable air, when ſteam is made to paſs 
over them 1n a red heat. They cannot, therefore, be ſimple ſub- 

_ 3 0 3 fonces, 
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. a8 the antiphfogiftie'the rem to be. Alſo, 
- the ſame thing that they have pre with, . inflanimable : air 
Sy (or rather fomething that is left of inflammable air when the 

water is taken from it, and which may as well be called phlo- 

4 giſton as any thing elſe) may be transferred to other fubſtances, - 

and thus contribute to form any of the metals, ſulphur, phoſ- 
phorus, or any thing elſe that bas been deemed to contain phlo- 
giſton. This phlogiſton alſo, no doubt, having weight, it 
Ga perfectly correſponds to the definition of a fubſlance, having 
certain affinities, by means of which it is transferred from 
one body to another, as much as the different acids. co 

If there be no ſuch thing as one principle of phlogiſton, 
transferable from one ſubſtance to another, it muſt be admitted, 
that inflammable air from ſulphur i is real ſulphur and water, 
that from iron, iron and water, as well as that very different 
ſubſtance, the ſcale iron. And fince copper, or any other 
metal, may be made of inflammable air from iron, &c. all the 
. metals will be, in fact, convertible into one another. At 
leaſt, it may be faid, that all the component parts of any one 
metal may be ſo incorporated with any other, that no teſt can 
detect it. Alſo iron, made of inflammable air from fulphur, 
ought, upon this hypotheſis, to have the properties of ſulphurated 
ton, which undoubtedly it would not have. An hypotheſis 
loaded with theſe difficulties muſt be inadmiſſible ; whereas 
that of phlogiſton is extremely ſimple, and, as far as r of 
univerſal application. 

The diſcovery that the greateſt part of the weight of in- 
flammable air, as well as of other kinds of air, is water, does 
not make the uſe of the term phlogiſton leſs proper: for it 

may be till given to that principle, or thing, which, when 

added to water, makes 1 it to be inflammable air ; as the term 
5  0xygenous 


= 8 - 
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5 arygenous principle may be given to that thing which, 5 4 
is incorporated with water, makes dephlogiſticated air. | 


As there 1s ſomething i in dephlogiſticated . ir 8 at Ry -H 
be the principle of univerſal acidity, ſo I am ftill inclined to· 


think, as I obſerve in my laſt Volume of Experiments, that 


Phlogiſton is the principle of alkalinity, if ſuch a term may be 


uſed; eſpecially as alkaline : air n be converted into inflam- 

mable air. . 
In the courſe of — recited 5 in this Paper, I diſco- 
vered more completely than before the ſource of my former 


_ miſtake, in ſuppoſing that fixed air was a neceſſary part: of the 
produce of red lead, and alſo of manganeſe... Both theſe ſub- 
ſtances, I find, give of themſelves only dephlogiſticated air, 


and that of the pureſt kind ;. and all the fixed air they yielded 


in my former experiments muſt have come from the gun- 
barrel I then made uſe of, which would yield inflammable ir, 
which, with dephlogiſticated air, forms fixed air. For though 
the dephlogiſticated air from red. lead was ſo pure that, mixed 
with two meaſures of nitrous air, the three meaſures were 


reduced to five hundredth parts of a meaſure, and the ſub- 
ſtance gave no fixed air at all when it was heated in an earthen 


tube or retort ; yet by mixing iron filings 1 with 1 it, or with man- 


ganeſe, as I had formerly done with red precipitate, I got more 
or leſs fixed air at ; pleaſure, and ſometimes no dephlogiſicated 


Air at all. 
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1 XII. Some Obſervations 0 on -the Eri 2 of Pega, : | 


1 . * * Edward Smith, M. * F. R. S. 
8 I 788. 


1 T7 AV me often heard that the Ranking of hs Barberry, 


| Berberis communzs, were endued with a confiderable de- 


a gree of irritability, J made the experiment in Chelſea Garden, 
May 25. 1786, on a buſh then in full flower. It was about 
one o'clock P. M. the day bright and warm, with little wind. 


The ſtamina of ſuch of the flowers as were open were bent 


backwards to each petal, and ſheltered themſelves under their 


concave tips. No th: 
effect upon them. With a very ſmall bit of ſtick I gently 
touched the inſide of one of the filaments, which inſtantly 

: ſprung from the petal with conſiderable force, ſtriking its an- 
thera againſt the ſtigma. | I repeated the experiment a great 


- of the branch appeared to have any 


_ of times; in each flower touching one filament after 


nother, till the tips of all f were © brought e in the 


center over the ſtigma. mel dn 1 * 


1 took home with me three — laden with 8 


and placed them in a jar of water, and in the evening tried the 
experiment on ſome of theſe weed then ſtanding in wy 


p + Ir 


room, with the ſame fucceſs:: | 
In order to diſcover in what 'particular part of the filaments 


this EF refided, I cut * one of the petals with a very 


fine 


F ; 841 % 


. — — * * N 16090 


fine pair of ſciſſars, ſo carefully as not to touch the ſtamen 


which ſtood next it: then; with an extremely ſlender piece of | 


quill, 1 touched the outſide of the filament which had been 


nent the petal, ſtroaking it from top to bottam; but it re- 


mained perfectly immoveable. With the fone: inſtrument 1 


ment,” it no ſooner touched that part than the ſtamen ſprui 


forwards with great vigour to the ſtigma. This was often re- 


peated with a blunt needle, a fine briſtle, a feather, and ſeveral 


other things, which could not poſſibly i ine * ere of 


the part, and always with the ſame effect. 


Jo ſome of the antheræ I applied a pair of Giffars, fo as to + 
bend their reſpective filaments with ſufficient force to make 
them touch the ſtigma; but this did not produce the proper 
The incurvation remained only 
ſo long as the inſtrument was: at on its; being; removed, 
the ſtamen returned to the petal by its natural elaſticity, But 
on the ſciſſars being applied to 1. imme part, the: anthera 
Avery 
ſudden and ſmart ſhock given to any "pan of a Ar would, | 
however, ſometimes have the lame effect as touching the 3 irri - 


contraction of the filament. 


immediately flew to the ſtigma, an 


table part. 


2a 


tracts, that fide becomes ſhorter than the other, and conſe- 


quently the filament is bent towards the germen.. I could not 
diſcover any thing particular in the ſtructure ;0f that or any 


other part of the filament. 


This | 


Hence it was . POR hs ad above deſeribed was - 
-owing to an high degree of irritability in the ſide of each fila- 
ment next the germen, by which, when touched, it con- 


x 


then touched the back of the anthera, then its top, its edges, E l 
and at laſt its inſide; ſtill without any effect. But the quill 
being carried from the anthera down the inſide of the fila- 
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. "This — is pereeptible in ſtamina af al ates, 2 
not merely in thoſe which are juſt about diſcharging their pol- 
Jen, In ſon flawers:wrhich were only ſo far expanded that 
they would barely admit a briſtle, and whoſe anthetæ were 
not near burſting, the filaments appeared almoſt as irritable as 
. In flowers fully opened; and in ſeveral: old flowers, ſome of 
wwtioſe petals with the ſtamina adhering to them were falling 
off, the remaining filaments, and even thoſe which were al- 
25 Jy — to "the PO — full as writable as any I hed 
Ine tnined. 0 1 . 
* rom ſome Bowen 1 Wire nds: they Te men, * : 
_ ut touchi ing the filaments, and then applied a briſtle to one 
of them, which | Immediately contracted, and the ſtigma being 
but of its way, it was We n over to the * ide of 
the flower. — 744 
Obſerving the Mun in Seite Ae which had been irri- 
tated returning to their original ſituations in the hollows of 
the petals, 1 found the ſame thing happened to all of them 
ſooner or later. I then touched ſome filaments which had 
perfectly reſumed their former ſtations, aud found them 
contract with as much facility as before. This was repeated 
three or four times on the ſame filament. 1 attempted to ſti- 
mulate in the midſt of their progreſs ſome which were return- 
ing, but not always with _ a few of them only v were 
Lightly affected by the touch. bir 24 
The purpoſe which this curious contrivance of nature an- 
ſwers i in the private: cxconomy of the plant, ſeems not hard to 
be diſcovered. When the ſtamina ſtand in their original poſi- | 
tion, their antheræ are effectually ſheltered from rain by the 
concavity of the petals. Thus probably they remain till ſome 


inſet coming to extract honey from the baſe of the flower, 
Rong thruſts 


1 of ya . . 2 l hy 161 fy 
throſts itſelf Eder their filaments, 'and almoſt unavoidably 


touches them in the moſt irritable part: thus the impregnation 
of the germen is performed; and as it is chiefly i in fine ſunny 


weather that inſects are on the wing, the pollen 1 is alſo in ſuch 
weather moſt fit for the purpoſe of impregnation. It would 
be worth while to place a branch of the Barberry flower in 


ſuch a fituation, as that no inſect, or other irritating cauſe, 


could have acceſs to it; to watch whether in that caſe the an- 
theræ would ever approach the ftigma, and whether the ſeeds 
would be prolific, 
l have been the more particular | n | theſe oblerrations upon 
the Barberry, becauſe although ſeveral authors mention the 
irritability of its ſtamina, none, that I can find, have related 


in what part of the ſtamina this property reſides, or the Pur- $7 


_ poſe it ſerves; at leaſt they have not purſued their! inquiries 
with any great degree of accuracy, but ſeem moſtly to have 
copied one another. GukLIx, who has written a diſſertation 
expreſſly | on the irritability of vegetables, has ſcarcely any 
thing new on the ſubject; the chief part of his work is a cata- 
logue of plants which he found not to be irritable. 
The Barberry is not the only plant which exhibits this phæ- | 
nomenon. The ſtamina of Cactus Tuna, a kind of Indian Fig, 
are likewiſe very irritable. Theſe ſtamina are long and flen- 
der, ſtanding in-great numbers round the inſide of the flower. 
If a quill or feather be drawn through them, they begin i in the 
ſpace of two or three ſeconds to lie down gently on one ſide, 
and in a ſhort time they are all recumbent at the bottom of the 
flower. The motions in Dionæa muſeipula, Mimoſa ſenſitiva 
and pudica, are too well known to be mentioned here. A fimi- 
lar phænomenon has been obſerved, where indeed an obvious 


botanical analogy would lead one to expect it, in the Droſera. 
Vor. LXXVIIL SE 3 
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See Pr. Writizame's s Botanical Arrangement of Biitiſh 
Plants. All theſe movements are, I think, certainly to be 
attributed to irritability. We muſt be careful not to confound 
them with other movements, which, however wonderful at 
firſt fight, are to be explained merely on mechanical principles. 
The ſtamina of the Parietaria, for inſtance, are held in ſuch 
a conſtrained curved poſition by the leaves of the calyx, that 
as ſoon as the latter become fully expanded, or are by any 
means removed, the ſtamina, being very elaſtic, fly up, and 
How their pollen about with great force. I have lately ob- 
ſerved a ſimilar circumſtance in the flowers of Medicago fat : 
cata. In this plant the organs of generation are held in a 
. ſtraight poſition by the carina of the flower, notwithſtanding the 
ſtrong tendency of the infant germen to aſſume its proper fal- 
cated form. Atlen gth, when the germen becomes ſtronger, 
and the carina more open, it obtains its liberty by a ſudden 
1. pring, in conſequence of which the pollen is plentifully ſcat- 
tered about the ſtigma. The germen may at pleaſure be ſet at 
1 by nipping the flower ſo as gently to open the carina, 
and the ſame effect will be produced. vs 
As the foregoing experiments thew FOR to poſſeſs kri- | 
tability 1 in common with animals, fo there are plants which 


ſeem to be endued with a kind of ſpontaneous, motion. LIx- 
xæus having obſerved that the Rue moves one of its ſtamina 


every day to the piſtillum, I examined the Ruta chalkpenſj, 
which differs very little from the common Rue, and found 
many of the ſtamina in the poſition which he deſeribes, hold- 
ing their antheræ over the ſtigma; while thoſe which had not 
yet come to the ſtigma were lying back u pon the petals, as well 
as thoſe which, having already performed their office, had re- 
turned to their original ſituation. Trying with a quill to 


2 | ſtimulate 


keien 7 babe. 1 16g 9 
En- ts Ames, I ound. them all quite devatd of: irrita - 4 
- They are ſtout, fron conical bodies, and cannot, 
bw breaking, be forced out of the poſition in which they = 
happen to be. The ſame. phznomenon has been obſerved in 
ſeveral other flowers ; but i it is no where more Rinking « or more 
eaſily examined than in the Rue. 

I could with to find an inſtance of this ſpontaneous motion 
combined with irritability in one and the ſame plant; but, 1 
confeſs, I do not know one. F rom analogy I ſhould think it 
not _ impoſſible that the Dionea muſcipula, and perhaps the 
Droſeræ, may have the fame motion in their ſtamina as the 
Ruta, Parnaſſia, and Sarifraga, while their leaves poſſeſs irri- 
tability. But if this be the caſe, the ſeats of theſe two pro- 
perties, being ſo different and remote from each other, ſhould 
ſeem to have as little connexion as if in two different plants. 
There till remains then this difference between animals and 
vegetables, that although ſome of the latter poſſeſs irritability, 
and others ſpontaneous motion, even in a ſuperior degree to 
many of the former, yet thoſe properties have hitherto in ani- 
mals only been found combined in one and the ſame part. 
5 Even Sertulariæ are not an exception to this obſervation. Th e 
greater part of their ſubſtance, indeed, reſembles that of plants 
in being indefinitely extended, and! in wanting irritability and 
35 ſpontaneous motion. But their animated flowers or polypes, 
in which the eſſence of their being reſides, are endued wu 
both theſe Properties in an high degree. 
I know it is the opinion of ſome philoſophers that a certain 
degree of irritability muſt pervade every part of vegetables, as 
the propulſion of their fluids cannot well be conceived to be 
accompliſhed by any other means. In a converſation on this 

3 with the celebrated M. Box Nr, of Geneva, he 

2 informed 
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informes me, that he is ſtrongly of this opinion; and that he * 
mould not deſpair, by throwing” acid or other ſimulating i in- 
jections into the veſſels of ſome plants, of ſeeing with a mi- 
croſcope at once the propulſion of the ſap, and the contractions 
by which it is pet formed. He urged me, with that amiable 
enthuſiaſm for which he is remarkable, to purſue the inquiry. 
Whether I do ſo or not, I think the idea too intereſting to be 
kept to myſelf, and ſhould be glad to ſee it realized by any 
one who has time and abilities for ſuch inveſtigations, who has 
accuracy and coolneſs in making his experiments, as well as | 
fidelity and impartiality in recording ten. 
I cannot conclude this Paper without taking notice of ano- 
ther very curious property which vegetables ſeem to poſſeſs i in 
common with animals, although certainly in a very inferior 
15 degree: J mean, that property, to uſe the words of Mr. Hun- 


mal « Ecotiomy, by which their conſtitution is capable. only of a 


degree is exceeded, diſeaſe or death is the conſequence. It is 
only by the help of this principle that I can explain why many 
plants reſiſt a great degree of cold for ſeveral winters before 
2 flowering ; ; bur, after that critical event, they periſh at the firſt 
83 approach of cold, and'can by no art be preſerved ſo as to ſur- 
vive the winter. 
by Lixxxus, without an explanation, in his Diſſertation on 
the Sexes of Plants, of the long duration of the piſtilla in the 

female hemp, while unexpoſed to the male pollen; whereas 
_ thoſe to which the pollen had acceſs immediately faded and 

withered away. In this caſe, I cannot help thinking, that 
in thoſe piſtilla on which the pollen had acted, and which con- 
_ ſequently had performed the function for which they were 
3 ; LE —_— 


xx, who has ſtudied this principle to a vaſt extent in the ani- : 


certain degree of action conſiſtently with health ; when that 


But a more curious inſtance is that mentioned 


Kc. In ſingle Poppies the corolla falls off in a few hours; but 
in double ones it laſts ſeveral days; and this may poſſibly, 


 britaditlya Veiptables, ht 
dedgned, the vital principle was much ſooner exhauſted than in 


thoſe which had known no ſuch ſtimulus. It is, perhaps, for 
the ſame reaſon that double flowers, in which, the organs of 


generation being obliterated} no impregnation can take place, 


. ſpecies, as is notoriouſly the caſe with Poppies, Anemonies, 


combined with other obſervations, lead to a diſcovery of the 
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laſt much longer f in perfection than ſingle ones of the ſame 


real uſe of the corolla of plants, and the ſhare it has in the 
impregnation, about which — has 92 been no 2 : 
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lation, namely, that in which it is chiefly, and perhaps i in- 
_Tirely, the watery part which freezes, but alſo to another 


kind, in which the acid Len 4 and which I call the 
tl is ſuch as not to 
"mp2 ble, or when its 


ſtrength 1 18 leſs than 243, 4: 1 2 it r ſhortneſs, it is liable 


ſpirituous congelation. W 
diflolve ſo much as g FS, : 


to the aqueous congelation ſal dy; ang it i only in greater 


ſtrengths that the ſpirituous< onge ation " 


ſtrength i is ,411, in which caſe the freezing point is at — 151. 


to approach nearer to the ſtrength of ,411 than the unfrozen 
part. The freezing points, anſwering to different degrees of 
ftrength, ſeemed to be as follows. 


Strength. 


to. tbe. Freezing of 


"ROM the experiments made by Mr. Ms » Nan, + of which = 
I gave an account in the LXXVIth Volume of the 
Philoſophical Tranſactions, p- 241. it appeared, that ſpirit of 
nitre was ſubje&, not only to what I call the aqueous conge- 


nget. an > take place. This 
ſeems to be performed with the Teaft degree of cold when the 


When the acid is either ſtronger or weaker, it requires a 
greater degree of cold; and in both caſes the frozen part ſeems 


' 


2 
* 


* | * 


» 


Strength. Ang point. 15 | 
. 1972-7 
{> "al . 


— 


i} ſpirituous « con ngelation. 05 


aqueous con ngelation. 


us ſome of theſe properties, bowever,: were A0 from 
reaſoning 1 not ſufficiently eaſy to ſtrike the generality of readers 
with much conviction, Mr. Me Nas was defired to try ſome: 


more experiments to aſcertain the truth of i it; which he was ſo 
good as to undertake, and has executed them with the ſame 
care and accuracy as the former. 


For this purpoſe; I ſent him ſome bottles of 955 of nitre 
>ths, and he was deſired to expoſe each of 
theſe liquors to the cold till they froze ; then to try their tem- 
perature by a thermometer; : afterwards to keep them in a 
warm room till the ice was almoſt melted, and then again e- 
poſe them to the cold, and, when a conſiderable part of the acid. 
had frozen, to try the temperature a ſecond time; then to 
decant the unfrozen part into another bottle, and ſend both 


of different ſtren; 


| parts back to England, that their ſtrength might be examined. 


porous, that, if the proceſs be continued long enough for a 


conſiderable portion of the acid to congeal, ſcarce any of or 
fluid part can be decanted : whereas, if it be heated in this 


Une till the frozen, part is almoſt, but n not intirely, melted, 
| and 


The intent of this ſecond expoſure to the cold was as fol- 
lows. Spirit of nitre bears, like other liquors, to be cooled 
greatly below its freezing point without freezing : then the 
congelation begins ſuddenly; the liquor is filled with fine 
ſpicula of frozen matter, and the ice becomes ſo looſe and 
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and be again expoſed to the cold, as the liquor i is then 3 in con- 
tact with the congealed matter, it begins to freeze as ſoon as it 
arrives at the freezing point, and the ice becomes much more 
ſolid and compact. nen 38002 Ne 

The intent of u the fluid wart, la Gang both 
parts back, that their ſtrength, might be determined, was 
! to examine the truth of the ſuppoſti tion laid down in my 
former Paper, that the ſtrength of the frozen part approaches 
nearer to, 411 than that of the unfrozen; but it is alſo a ne- 
ceſſary ſep. towards determining the W 0 point anſwering 
to a given ſtrength of the acid; for as the frozen part is com- 
monly of a different ſtrength from the unfrozen, the ſtrength 
of the fluid part, and the cold neceſſary to make it freeze, i is 
continually altering during the progreſs of the congelation. 
In conſequence of this, the temperature of the liquor is not 


that with which the frozen part congealed ; but it is that n- 


ceſſary to make the remainder, or the fluid part, begin to 
freeze, or, in other words, it is the freezing point of the fluid 
part. This 1 18 the reaſon that a thermometer, placed i in ſpi pirit 


of nitte, continually fi ſinks during t the progreſs of congelation ; . 


which is contrary to what is obſerved in pure water, and other 
fluids in which no ſeparation of parts is produced by freezing. 
Moreover, from the above · mentioned experiments of Mr. 
Me Nas it appeared, that oil of vitriol, as well as ſpirit of 
nitre, is ſubject to the ſpirituous congelation ; but it ſeemed 
uncertain, whether, like the latter, it had any point of eaſieſt 
freezing, or whether it did not uniformly freeze with leſs cold 
as the ſtrength increaſed. For this reaſon, ſome bottles of oil 
of vitriol, of different ſtrengths, were ſent, which he was 
deſired to try in the ſame manner as the former. This point, 
indeed, has ſince been determined by Mr. Kkin, who has 


ſhewn 


Vere ſent to Hudſon's 


5 e 
* * 
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| ſhewn that oil of vitriol has a ſtrength of eaſieſt freezing; > 


and that at that point a remarkably . degree of cold 1s 


ſufficient for its congelation. 


The reſult of Mr. Me Nas's experiments on the nitrous acid 
is given in the following table. 


ͤ—Ä—ü—3;x 


| Decanted part. 


—_—_— a 


| Undecanted part. 


trength Strength | Freezing | 
| of the | before point by 
— -{ whole | ſent. | ſecond | 
2 ity. Strength. Quantiy — maſs. Ts method. 
[6 - nee wage fn 561 —— 
12 141 7445 2137 437 — 3˙ 
4 1658 „390 | 1940 | +498 — 4 
1368 ,353 | 2438 „391 1 
l 2206 | ,343 | 1920 357 — 13,8 
i 3620 310 60 2320 23 
{iz} 2155 | ,276 | 1494 „280 40, 3 
LE 21618 | ,241 [ 1961 5238 —32 


The firſt a contains hes PO Os by TY Mr. 
: M* Nas has diſtinguiſhed the different bottles. The ſecond 
and third columns contain the quantity and ſtrength of the 
decanted part of the liquor; and the fourth and fifth ſhew the 


quantity and ſtrength of the undecanted part of the liquor. 


The fixth column gives the ſtrength of both parts put toge- 
ther, or the ſtrength of the whole maſs; and the ſeventh is 
the ſtrength of the ſame acid, as it was determined before it 
was ſent to Hudſon's Bay. The ftrengths of the decanted and 
undecanted parts were found by facing the liquor returned 


home with marble; and that of the whole maſs was inferred 


by computation from the quantity and ſtrength of the de- 
canted and undecanted parts; and as the ftrength thus in- 


| ferred never differs from that determined before the liguors 
Bay by more than w part of the 
whole, 


Nor, LXXVHL. 1 
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tains their temperature after the more gradual congelation - 


27 1 — —— of 
wy PO it is not likely that the ftrengths of the. decanted and 


undecanted parts here fet down ſhould differ _—_ the truth by 
much more than that quantity. 


The eighth column contains the Serving points 40 in 
the firſt method, or the temperature of the liquors after the 
haſty congelation which took place on expoling them to the 


cold without any frozen matter in them ; and the ninth con- 


which took place when they were cooled with fore frozen 
matter in them; and as the unfrozen part of the acid was 
decanted immediately after the temperature had been obſerved, 
it follows, that this column ſhews the true freezing points of 
the decanted liquors. In like manner the eighth column ſhews 


the freezing points of that part of the liquor which re- 
mained fluid in the firſt manner of trying the experiment; + 


but as the ſtrength of this part was not determined, the pre- = 


.ciſe ſtrengths. to which theſe freezing points correſpond are 
unknown. Thus much, however, is certain, that theſe points 
muſt be below thoſe of the whole maſs, and i in all probability : 
muſt be above thoſe of the decanted liquor; as there is great 
reaſon to think, that the quantity of frozen matter was always : 
leſs, and confequently the ſtrength oß the fluid part differed 
leſs from that of the whole maſs, in the firſt way of trying 
the experiment than in the ſecond. 
Before I draw any concluſions from theſe experiments, it 


will be proper to take notice of ſome ang which 
occurred in trying them. 


N* 6. was made to congeal by a freezing mixture of ſnow 
and diluted oil of vitriol. By the time- the acid was cooled 


to — 42%, icy filaments were formed on the inſide of the phial 
above the acid. Ten minutes after, the acid being cooled one 


degree 
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| degree more, the phial was taken out and agitated. 'This 
mixed the icy filaments with the acid, and made it freeze, which 
it ſeems not to have done before, in- conſequence of which its 
temperature roſe to 41%. After having melted the greateſt 
part of theſe filaments, and again expoſed it to the freezing 
3 ſome ſnow aceidentally fell into the acid, and made 


=== certainty in the freezing point, for which reaſon i it is not 


ſet down. But as it is evident, that the quantity of congealed 
matter in the firſt experiment was exceſſively ſmall, the 
ſttrength of the unfrozen part could not differ ſenſibly from 
that of the whole maſs, and therefore | — 414 is the true 

freezing point that anſwers to the ſtrength of , 561. | 
7 remarkable, that N* 8. acquired by congelation Te 
bluiſh colour, not unlike that which the dephlogiſticated ni- 
trous acid, in Mr. MW Nas's former experiments, acquired by 
- dilution with ſnow. It is not ſaid, how long the acid re- 
tained this colour, but it was intirely gone when the phial 
arrived in England. J am quite at a loſs to account for this 

2 — and wg it W to this bottle . ff 


de; but as it fora bore to s — to 495 
without their increaſing, we may conclude, that they were 
not frozen ſpirit of nitre, but only ſome heterogeneous matter 
ſeparated from it. A little of the congealed part of N* 8. 
— into it while at this r made it freeze, and it roſe 
7 1 the foregoing acids the ice was heavier than the fluid 
part, and in conſequence ſubſided to the bottom; a proof 
that it was the ſpirituous congelation which had taken place 
in them: but in Ne 13. the frozen part ſwam at top, which 
ſhews, that the congelation was of the aqueous kind. 
2 2 5 


8 £ MF Quvinivni) s Account of 
It may appear remarkable to thoſe who read Mr. Me Nas's ; 
experiments; that theſe acids bore to be heated ſo much above 
their freezing points before the ice intirely diſſolved. Ne 6. 
bore to be heated 18 degrees, Ne 7. 13 degrees, and Ne 12. 
17 degrees above their freezing points, before all the congealed 
acid had diſappeared. But as, in order to diſſolve this con- 
gealed matter, they were brought into a room in all proba - 
bility a great many degrees warmer than the points to which 
they were heated, ſo that the liquors heated faſt; and as during 8 
the diſſolution the ice would ſubſide to the bottom; it is not 
extraordinary, that the fluid part in the phial might be many 
degrees warmer than the frozen part, unleſs the phials were 
much agitated during the time, which nothing ſhews them to 
have been; eſpecially if we conſider the great quantity of 
heat which, in all probability, muſt be communicated to the 
frozen acid in order to melt it; and that, perhaps, the frozen 
acid may receive and part with its heat but ſlowly. It muſt 
| © be! obſerved, that in No 6. and 12. the frozen part might very 

likely be of a conſiderably different ſtrength, and in conſe- 
quence its freezing point might be ſeveral degrees different 

from that of the whole maſs, ſo that the temperature to 
which the fluid was heated, in order to melt the ice, might 
very likely not differ ſo much from the freezing point of the 
Ice itſelf as is here ſet down. But thas could not be. the caſe : 

with N? 7. * 

It muſt be obſerved, that Sh Mr. M- Nas wanted to ting 
the temperature of Ne 7. after it had frozen in the firſt man- 
ner, the ſtopper ſtuck ſo tight that he was not able to remove 
it without warming it before the fire. The thermometer was 
then introduced, and ſtood ſeveral minutes therein at 14, or 
+ 2% As the thermometer remained fo long at this point, one 
4 might 
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might naturally ſuppoſe, that this was the true freezing point 

of the unfrozen acid. But yet, from what has been juſt ſaid, 

it ſeems not improbable that it 'may be otherwiſe, and that 

the true freezing point may be ſenſibly lower; for which 

reaſon it is marked in the table with an aſteriſk (5) as doubtful. 

It was before ſaid, that the temperatures in the ninth column 

of the foregoing table, are the freezing points anſwering to the 
ſtrengths expreſſed in the third column, and that — 41% is the 
. freezing point anſwering to the ſtrength of 56 1; whence 
the freezing points determined by theſe experiments, and their: 

reſ pective ſtrengths, are as follows : 


r * 7 - 
r 


er. 2 point 


By interpolation from theſe data, Kr es roy to Nxwrox's 
method +, it appears, that the ftrength at which the w 
freezes with the leaſt cold is.,418, * that the freezing point 

anſwering to that ſtrength 1 is = 2%. 
In order to ſhew more 1 the freezing. point anſwering 
to any given ftrength, J have computed, by the ſame method, 


the following table, in -which the ſtrengths increaſe in arith- 
metical * 


'D: Princip. Math, Lib, III. prop. 40. lem. 5. 


Strength. 


19% Mr. Cavanniens decount , 


* TITS — * 
* 8 
, 1 
- 


It was before 1 So the —_—_ points, found by the 


firſt method, ought to be below thoſe of the whole maſs, and b 
muſt, in all probability, be above thoſe of the decanted liquor. 


In order to ſee how this agrees with obſervation, I computed 
in the above-mentioned manner the freezing points anſwering 


do the ſtrength of the whole maſs, and compared them with 
the obſerved freezing points. The reſult | is _ in the fol- 


lowing table. 


| — 43 

—12,; 

22,5 
* 
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li may be obſerved, that the freezing point of Ne 7. tried 
in the firſt way, is conſiderably above that correſponding to the 
ſtrength of the whole maſs ; but as this experiment was ſhewn 
(in p. 173.) to be doubtful, and not unlikely to exceed the 
truth, we may ſafely reject it as erroneous, All the others, 
as might be expected, are lower than thoſe correſponding to 
the ſtrength of the whole maſs, and above thoſe obſerved in 
the ſecond manner, and therefore ſerve to confirm the truth of 
the above determination of the freezing points of ſpirit of 
nitre; and alſo ſhew, that in this acid the point of ſpirituous 
| congelation is pretty regular, and does not depend much, if 
at all, on the rapidity with which the congelation is performed. 
The point of aqueous con gelation, however, ſeems liable to 
conſiderable irregularity ; for Ne 13. after having been expoſed 
to the cold, froze on agitation, the congelation, as was before 
ſaid, being of the aqueous kind, and the thermometer ſtood 
ſtationary therein at — 34% The ice being then almoſt melted, | 
it was again expoſed to the cold, till a good deal was frozen; 
but yet its temperature was then no lower than - 32%, 


though the quantity of frozen matter muſt certainly have been 


much more than in the firſt trial. The fluid part being then. 
decanted, and the frozen part melted, both were again expoſed 
to the cold. They both were made to congeal by agitation, 
and the temperature of the undecanted was then found to be 
= 35, and that of the decanted part — 37* ſo that it ſhould 
ſeem as if the freezing point found by the haſty congelation 
was always lower than that found the other way, which may, 
perhaps, proceed from this cauſe ; namely, that when ſuffi- 
cient time is allowed, the watery part will ſeparate from the 
reſt, and freeze in a degree of cold much leſs than what is 

2. "ap required 


- 


. M. ibm 8 Account "a 


required to produce that effect, when | it is -perforrned in a more 
rapid manner. 8 e 
+ Fheſe experiments confirm the truth of the concluſions I 
drew from Mr. Me Nas's. former experiments; for, firſt, 
there is a certain degree of ſtrength at which ſpirit of nitre 
freezes with a lefs degree of cold than when it is either 
ſtronger or weaker; and when ſpirit of nitre, of a different 
ſtrength from that, is made te congeal, the frozen part 
approaches nearer to the foregoing degree of ſtrength than the 
unfrozen. Likewiſe this ſtrength, as well as the freezing 
point correſponding. thereto, and the freezing point anſwering 
| to the ſtrength of ,54, come out very nearly the fame as I 
3 concluded from thoſe e for by the preſent experi- 
3 ments they come out 418, — 25 and - 317, and by the for- 
mer „411, 4e, and — 3¹⁵ But the freezing point anſwering 
to the ſtrength of \ 38 is totally different from what I there 
- ſuppoſed. This muſt have been owing to the ſtrength of that 
acid having been very different from what 1 thought 1 it; which 
is not improbable, as its ſtrength was inferred only from the 
quantity of ſnow which was added to it in finding the degree 
of cold produced by its mixture with ſnoow. I 
After the foregoing experiments were finiſhed, Mr. M Naz || 
made ſome more for determining the freezing points both of 
the decanted and undecanted part; but for want of a ſufficient 
; explanation of the manner in which they were executed, I 
have not been able to make any uſe of them. In their preſent 
ſtate they ſhew much appearance of irregularity ; but this 
would very likely have been cleared up, if the circumſtances 
had been more fully detailed. - 


On 


| 1 Ca. L FJ * 1 
Experiment rare i _ . 
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a 0 of a remarkable kind occurred in yin two 
ef theſe acids; namely, when the undecanted part was melted 


3 and again made © congeal, its freezing point was found to be 


much leſs cold than that of the decanted part, and the dif- 
erenice Was much greater than could be attributed to the 
difference of ſtrength. This ſcems to have happened only in 
the two ſtrongeſt acids, namely, No t. and 2. and in great 
meaſure confirms the ſuppoſition which [I formed from Mr. 
Me Naz's: former experiments, that the congealed part of oil 
of vitriol differs from the reſt, not merely i in ſtrength, but 
alſo in ſome other reſpect, which I am not acquainted with. 
It ſhould ſeem, however, that this property does not extend to 
weak oil of vitriol. 
It rm, m be ſuſpetted, that this property takes „ 
in the ni cid alſo, and was the cauſe of the flow melting 
of the ice taken notice of in p. 172. 
likety, that that Phenomenon 2 from the cauſes there 
afligned. 
Some ſmaller irregularities occurred in tying the ele 
acid, the cauſe of whieh I believe was, that when this acid 
has been cooled below the freezing point, and begins to freeze, 
the congelatioti proceeds but ſlowly ; fo that a conſiderable 
time elapſes before it riſes to the true freezing point. Something 
of the ſame kind ſeems to take place in the nitrous acid alſo, 
though in a leſs degree; for the decanted liquors uſually con- 
tinued to freeze and depoſit a ſmall quantity of ice, for a few mi- 
nutes after they were potred off, though their cold, at leaft in 
ſome inſtances, was found rather to dimiuiſh during that time. 
Vol. LXXVIII. 0 WO 
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It 9 be obſerves, that ſmall ſpicula of ice always came over 
along with the decanted liquor ; and to this, in all probability, 
the new-formed | ice attached itſelf; for otherwiſe it is likely, 
boat no ice would have been produced. 0 
The following table contains the ſtrength of the ws as 
| determined before they were ſent to Hudſon's Bay, and the 
quantity and ſtrength of the decanted and undecanted parts 
when they arrived at London, and the ſtrength of the whole 
| maſs as computed from thence. For the fake of uniformity, I 


5 have expreſſed their ſtrengths, like thoſe of the nitrous acid, 


by the quantity of marble neceſſary to ſaturate them, though 


I did not find their ſtrength by actually trying how much mar- 


ble they would diſſolve ; as that method is. too uncertain, on 
account of the ſelenite formed i in the operation, and which in 5 
8 good meaſure defends the marble from the action of the acid. 
The method I uſed was, to find the weight of the plumbum 
vitriolatum formed by the addition of ſugar of lead, and from 
thence to compute the ſtrength, on the ſuppoſition that a 
quantity of oil of vitriol, ſufficient to produce 100 parts of 
plumbum vitriolatum, will diſſolve 33 of marble; as I found 
by experiment that ſo much oil of vitriol would faturate as 
much fixed alkali as a quantity of nitrous acid ſufficient to diſ- 
ſolve 33 of marble. It may be obſerved, that the quantity of 
alkali, neceſſary to ſaturate a given quantity of acid, can hardly 
de determined with much accuracy, for which reaſon the fore 
going leſs direct method was adopted; eſpecially as the precipi- 
tation of plumbum vitriolatum ſhews the proportional ſtrengths, 
which is the thing principally wanted, with as great accuracy 
as any method I know. 
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__ [Quantity. Strength. 3 de . 
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The ad part of Ne. 4. was divides into two parts; Þ 
namely, the leſs and the more congealable part; and it is the 
latter whoſe quantity and ſtrength is given in the laſt a 
 _ - Tt is well known, that oil of vitriol attracts moiſture with 
great avidity ; ; and ſome of theſe acids were much expoſed to 
the air during the experiments made with them, and may 
therefore be ſuppoſed to have attrated ſo much moiſture from 
the air, as might ſenſibly diminiſh their ſtrength; and this 
ſeems actually to have been the caſe with ſotne of them. But 
as the bottles were well ſtopped, and as, except in one acid 
which was the moſt expoſed to the air, the ſtrength of the 
whole maſs comes out not much leſs than that determined be- 
fore the liquors were ſent to Hudſon's Bay, I imagine their 
ſtrength could not ſenſibly alter during g their voyage home ; - 
and conſequently their ſtrength, at the time the laſt obſerva- 
tions were made with them, could not differ much from that 
here ſet down. 521 877 75 
It would be tedious to give the experiments Nor deteriining 
their freezing points in detail; but the reſult is as follows. The 
freezing point of No 1. tried in the firſt method, was ſomewhat 
above + 1, but it is uncertain how much; that tried in the 
ſecond manner ſeemed - 6*4. But the freezing point of the 


a part, after having been intirely melted, and again 
Aa 2 expoſed 


3 


3 86 1 15 * 
| expoſed ta. the cold, was. +9% It aiult be eblerved, that 
thoygh this part was in all probability at firſt fronger than the 


decanted part, yet at. the time its freezing point. was tried, it 
ſeerns to have become rather weaker than that, owing to its 
expoſure to the air. It was before faid, that the 14 
point tried in the ſecond manner is that of the decanted 
| liquor; o that the freezing point of the decanted part ſeems to 
have been 13 or 14 degrees colder than that of the undeeanted 
1 part; though the difference of ſtrength, if there was any, 
muſt in * Probabuny have. tended bo nn e 
effect. 
The Cn point of Ne 2 2. tried in * tilt way, wi = 2G; 7 
| and; that tried in the ſecond. was - 30 , or 263 but yet tho 
' freezing. point of the undecanted part was 26 or 30 degrees: 
higher, namely, at zero; à difference which could 3 
| have proceeded from the difference of ſtrengtn. 
1 The freezing point of N* 3. could hardly differ much from 
＋ 42; and that of N- 4. was about 455. 
It ſhould be remarked, that when this laſt 222, au hs 
No 1. and 2. were expoſed to a great cold, a ſediment formed. 
in them. This muſt have been of a very different nature from 
frozen acid, as, appeared both from 1 its texture, which was ſoft 
and mycilaginous to, the feel, inſtead; of being gritty: as. the 
frozen acid always was; and alſo; from its being not much in- 
creaſed by an increaſe of cold; and therefore ſeems to. havei 


been ſome impurity. ſeparated from the acid. The quantity 


was greateſt | in Ne 4.; but even in this, though. it appeared: 


great, it is likely that the real quantity; was very: mall. 
Another bottle of acid, "wow — was. ,6 59, was — 


From theſe, experiments it - ſhould dem, that the r 
point 


bool 


Experiments on the freezing of Acids. 181 
point of oil of vitriol, anſwering to different Arcngths, 3 is 
nearly as follows : | 


From hence we may conclude, that oil of vitriol has not 
only a ſtrength of eaſieſt freezing, as Mr. Keir has ſhewn; 
but that, at a ſtrength ſuperior to this, it bas another point of 
contrary flexure, beyond which, if the ſtrength be increaſed, 
the cold neceflary to freeze it again begins to diminiſh, 

7 ſtrength anſwering to this latter point of contrary 
flexure muſt, in all probability, be rather more than „918, as 


than the undecanted part; and for a like reaſon the ſtrength of 
ceaſieſt freezing is rather more than 846. 
Mr. KEIR found that oil of vitriol froze, with the leaſt e 
of cold, when its ſpecific gravity at 60e of heat was 1,780, 
and that the freezing point anſwering to that degree of ſtrength 
was 4 46; which agrees pretty nearly with theſe experiments, 
as the ſtrength of oil of vitriol of that ſpecific gravity is 848, 
that is, nearly the ſame as that of FS 


the decanted. or unfrozen part of Noe 2. ſeemed rather ſtronger 8 
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Tranſlation 7 Dm Michael Rubin de Celis 8 A to 8 
Royal Society, relative to a Maſs * native F on, fond is s 
South-America. | See P- 7 f 


— 4 


As U T ge yearn ago, the various be nations WY 
inhabited the provinces of the great Chaco Gualamba, 
expelled the Spaniards from thence ; and ſince that time, the 


countries on the ſouthern part of the river Vermejo, and weſtern 
of the great river Paranà have been almoſt totally deſerted. 


The only employment of the few Indians who dwell within 
the juriſdiction of Santiago del Eſtero is to gather the honey 
and wax, with which the woods abound. Theſe Indians diſ- 
covered, in the midſt of a wide - extended plain, a large mafs 
of metal, which they called pure iron; part of which pro- 
jected above the ground about a foot, and almoſt the whole of ita 
upper ſurface was viſible. Intelligence of this diſcovery was 
immediately communicated to. the Viceroys of Peru. That 


ſuch a maſs of iron ſhould be found in a country where 
there are no mountains, nor even the ſmalleſt ſtone within 


a circumference of one hundred leagues, could not fail to 
appear extraordinary, notwithſtanding we know there are mines 
of pure iron in Europe. Some private perſons, at the great 
riſk of their lives, both from the uncertainty of procuring food 

or 
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or even water | (of which none is to be found but Wt rain 
happens to be preſerved in ſome natural cavities of the earth), 
from the danger of meeting the roving Indians, from the 
varia wild} beaſt, 4 . thoſe plains, ſuck as tyders, 
leopards, tapirs, from the ſwarms of poiſonous reptiles, and 
finally from the endleſs thickets, led on by hopes of enriching 
themſelves, boldly undertook the j Journey, to obtain ſome of the 
metab They tranfmitted a part of it to Lima and Madrid, 
by which no other advantage was: gained than to aſcertain it 
to be very ſoft and very pure iron. As it is forbidden by law, for 
political reaſons, to manufacture iron in that country, though 
different parts of it abound with iron mines ; and as it was 
actſarted, that the vein of iron: extended many leagues, the 
viſille part being only its ereſt projecting above the ground, FE; 
which, when dug round, was found to meaſure three yards 
fam. N. ta 8. two: yards and a half from E. to W. and about 
one- third of x, yard: 1 im thickneſs; the Viceroy of the river 
Plata ſent me: with orders to examine this diſcovery with 
accuracy; and, in caſe I: found. it a beneficial mine, that I 
ſtiguld: eſtabliſh: a colony there. I accordingly ſet off, well 
eſcorted, in the: beginning of February, 178g, from Rio 
Salado, an ancient: civilized: hamlet of the Indians whom we 
call Vilelas, and purſued my journey in the direction E. 1 N. E. 
| though; upon further examination, I found that I ought to 
have taken my direction E. 18. E. both corrected. 1905 
- The aſpect of the country between the river and the mine, 
diſtant. ſeventy: leagues from the ſettlement, is curious: it 
conſiſts: of an; immenſe. plain, alternately intermixed kh | 
thick woods. and fertile alis — moſt * lands: 
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2 The 1lititude- of the mine 1 bad, * ober; Mios, to be 
25 428708. } 1 but; Fit 1 0 3. Fine ene r 
There is not one fixed place of ene aden the 
whole country, owing to a ſcarcity of running water. That 
which is drunk by the honey-gatherers, .who refide there in 
ſmall bodies the greateſt part of the year, collecting honey in 
the woods, is rain water, as I have already obſerved. Theſe, 
anda few roving tribes of barbarous Indians, who reſemble 
the Tartars in their way of life, and come hither, at a certain 
| ſeaſon of the year, from the borders of the river Vermejo, in queſt 
of a wild root, which they call Koruu, and which they conſtantly 
chew, as a remedy againſt the peſtilential air of their native 
country, and alſo as a preſervative againſt the bite of poi- 

_ ..ſonous reptiles, are the only n ever n in . n 
and extenſive plains.  - © | 
I arrived the 15th of e at the place called. bene 
. where the maſs was found almoſt n in pure clay and 

aſhes. . A 
The exterior appearance 1 it was that of Ah compact 
iron; but upon cutting off pieces of it, I found the internal 
part full of cavities, as if the whole had been formerly i in a 
liquid ſtate. I was confirmed in this idea, by obſerving on 
the ſurface of it the impreſſions as of human feet and hands 
of a large ſize, as well as of the feet of large birds, which 
are common in this country. Though theſe impreſſions. ſeem 
very perfect, yet I am, perſuaded that they are either a Juſus 
nature, or that impreſſions. of this nature were previouſly 
upon the ground, and that the liquid maſs of i iron falling upon it 
received them. It reſembled nothing ſo much as a maſs of dough, 
- which , having been ſtamped with impreſſions of hands and feet, 
and 1 with a finger, was afterwards converted into iron. 
Vol. LXXVIII. B b 0 2 began 
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Mage Boks Saif 062 with hills; nnd in peng 
from the miaſs twenty-five or thirty pounds, 1 * all the 


x CHAT T hed, to the number of ſeventy. 


I erdered my men to dig round it, and found the nk ins - 
— — K—— thicks 
undoubtedty occafioned by the moiſture of the earth, becauſd 
5 the upper furface was clean. 

Hlaving moved it half round, by 2 means of handipikes, I 
ordered the ground under its bed to be dug to: confiderable = 
depth, and even ble it up in Two places with gumpotvder z 
after which, examining the deepeſt part of the earth, I found | 
it exactly like the upper part, and of the fame nature as the 
eatth of all the country, us likewiſe of two pits, which 1 
had "dug at the diftance of ſeventy or one hundred paces E. 
and W. of the maſs. Finding here no root or trace 'of gene- 
ration, I reaſoned in the following manner. L 
Either this maſs was produced in the as where it lies, or 
it was conveyed hither by human art, or caſt hither by ſome 
operation of nature. It could not be generated here, accord- 
ing to any known ptoceſs of nature. And'whence, by whom, 
or bow could it be conveyed hither, as there are no iron 


mines within hundreds of leagues, nor remembrance that any 


| Have been worked in the kingdom? It could be of no value, 
| fince it could not be uſed; and why bring it into a country 

the moſt uninhabitable of all the Chaco, from the want of 
water? Befides, how could ſo heavy a maſs be conveyed, 
the Indians never having known the uſe of wheel carriages? | 

This maſs, therefore, muſt have been the cite of ſome 
volcanic exploſion. | 
Many circumſtances induce me to thiok fo. Volcanos fre- 
an leave behind them, after exploſion, pits of water, 
1 1 5 _ 7 
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ae cold; and at the diſtance of about two leagy 
the caſt of this maſ, n 2 brackiſh key 
the only one to be faund in all untry. I 
diſtrict of the Chaco 1 travelled over, 1 obſerved, n difference 
in the level of the ground, except the very ſpot where 1 
made this diſcovery; and here only I found a gentle af- 
eent running from N. ta S. and which attracted my no- 
tice before 1 had ſeen the maſs. of iran. This aſcent is 
between four and ſix feet above the reſt of the country. 5 
The earth in every part around this maſs, as well as about | 
the brackiſh ſpring, is a very light, looſe earth, like aſhes, 

even in colour. The graſs produced immediately contiguous, 
called Ahivi, is ſhort, ſmall, and extremely unpalatable ta cattle J 


| whereas the graſs found in the reſt. of the country, at a little 


” ful to them. 


diſtance! from the mais and {alt ſpring, is long and very r. 


At a little depth i in the pate are found ſtones of quartz, 


of a beautiful red colour, whach the honey-gatherers mala 2 


uſe of as flints to light their fires. They had formerly 
carried ſome of them away, on account of their peculiar 
beauty, being ſpotted. and ſtudded as it were with gold, 


EY 5795 


One of theſe, that weighed about an ounce, came into Ii 


me, that he ground it, and ſhewed me more than a drachm 
of gold that he had extracted from it. 

It is an undoubted fact, that in theſe ent foreſts there 
exiſts a maſs of pure iron, in the ſhape of a tree, with its 
branches. Many of the Indians have ſeen it; and the inha- 
bitants of the colony of the Avipones, are acquainted with 
the ſpot where it lies. A diſtinguiſned European of the city 
2 5 of 


the hands of the Governor of Santiago del Eſtero, who told | 
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0 &. Sia add E. * body of this free extends: s 
gro - wo the direction from E- E. to W. ha aving left dehind to 
the E. 4 pal which hes in the direction from N. to $/ and it 
15 is from this that the pieces of metal may have been taken with 
[ chiffel. From this gccbunt one may venture to Nn mad 
* eee ee e ee eech did, 
I will fu ppoſe, that Wis volcanic exploſion Ans in the 
he where I diſcovered the brackiſh {pring ; that by the explo- 
fi ion a great quantity of earth” was raiſed, and formed the eleva- 
tion of this part of the plain above the reſt; that it was origi» 
hally much higher, but the continual rains of the Chaco, 
which is overflowed a third part of the year, are ga pA acting 
to bring! it to x level with the reſt of the coun tx. 
8 direction of the greateſt portion of the maſs of i iron 
ejected was from E. to W. and being heavier: reached to 
the diſtance where it is found. Another portion of the 
matter ſmaller, and perhaps more fluid, ſeparated! and took 
another direction, running into ſeveral ſtreams, as when water 
is thrown out of a pail. This fmall portion of matter having 
cooled, and the earth which ſupported it being waſhed away 
gradually by the water, muſt, 1 IHE have formed what 
is now called the Tree of iron, oo 0 
The faline and antimonial matters, 1 accompany 
all minerals, muft have been ſcattered round about in a fimilar 
manner, and rendered the ground barre. 


In the kingdom of Santa Fe de Bogota, there is hos Juſt 


ip hk BS > 
| . 


wo BY platina mixed with gold. Almoſt every body knows the 


great affinity there is between theſe two metals, ſo that it is 
not ſurprizing, conſidering all theſe reaſons, that the fire of the 
volcano ſhould have melted the platina which lay above the 
gold, and thrown it up. This principle of volcanos is the 

4 moſt 
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| moſt natural to account for the formation of thoſe famous 


maſſes of ſilver found ſeparate at Guantajaia, about which ſo 
wouy extravagant and ridiculous ſtories have been told. 
The maſs of iron, which is the ſubject of this letter, ac- 
cording to its cubic meaſure, and allowing it a little mod 


yon gravity than iron, muſt weigh about 300 quintals. 


(5 2 ) Chev. MICH. RUBIN DE CELIS. 


From the Iſland of Leon, 
June 20, 1786. 
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EXPLANATION OF THE INSTRUMENTS. 
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The inſtruments wich which the foregoing 4 were 


this kind, a full account of which was given by Hznzy 
| Cavenvisn, Eſq. F.R.S. in the LXVIth Volume of the 
_ Philoſophical Tranſactions; ; but as they have been moved from 
the ſituations they had at that time, it may not be amiſs to men- 
tion how they are placed now, in order the better to ſhew 
what degree of accuracy may be expected from them. There 


on the eaſtern part of the building in the morning, the thermo- 
meter to the weſtward is made uſe of for the morning obſer- 


vation during that ſeaſon of the year when the ſun riſes high. 


enough to affect the other; for all other obſervations, that to 
the eaſtward 1 is employed. N either the building oppoſite, nor 


that on the ſouth ſide of the thermometer wo eaſt, are 
elevated above it in an angle of more than 13*; but the oppoſite- 
building is not more than twenty-five feet diſtant. The 
thermometer to the weſtward will not be affected by any other 
building than one to the northward, which 1s elevated above. 
it in an angle of 20*, and which is only twenty feet diſtant. 


Vor, LXXVIII. F £ 


a are the ſame that were uſed in former obſervations of 


being no one ſituation for a thermometer out of doors ſo good 
as could be wiſhed, it became neceſſary to make uſe of 
two thermometers; each is placed out of a three - pair · of- 
ſſtairs window, one facing E. N. E. and the other W. S. W. 
and they ſtand about two or three inches from the wall, 
that they may be the more expoſed to the air, and the leſs 
affected by the heat and cold of the houſe. As the ſun ſhines 
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The thermometer within doors is placed cloſe to the barometer, 
the heights of which it is intended chiefly to correct; the 
windows of the room in which they are kept look to the weſt- 


ward, and in winter the room has conſtantly a fire in it. 


The veſſel which receives the rain is fixed to a chimney at 


the top of the houſe, and riſes fix inches above the chimney ; 
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DEAL $18, 
VING, at your requeſt, employed ſome of my leiſure 
hours i in attending to the natural hiſtory of the Cuckoo, 
I beg leave to lay before you the reſult of my obſervations, 
Vol. LXXVIII. „ with 
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220 Mr. IæxNER's Obſervations on the | 


. not ſufficiently inveſtigated ; and ſhould what is here offered 
= prove, in Four opinion, deferving the attention of the Royal 
3 Society, you wall do: me the honour. of preſenting. it to that 
« learned Body. 
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with a hope that they may tend to illuſtrate a ſubject hitherto 
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The firſt appearance of Cuckoos in Cote (ihe I 
of England where theſe obſervations were made) 1s about the 
17th of April. The ſong of the male, which is well known, 
ſoon proclaims its arrival. The ſong of the female (if the 
| peculiar notes of which it is compoſed may be ſo called) is 
widely different, and has been ſo little attended to, that I be- 
eve few are. acquainted with it. I know . not how to convey. 
to you a proper idea of it by a compariſon with the notes of 
any other bird; but the cry of the Dab- chick bears the neareſt 
reſemblance to it. 

Unlike the generality of birds, Citkoos do not pair. When 
a female appears on the wing, ſhe is often attended by two or 
three males, who ſeem. to be earneſtly contending for her 
favours. From the time of her appearance, till after the mid- 
dle of ſummer, the neſts of the birds ſelected to receive her 
egg are to be found in great abundance; but, like the other 


migrating birds, ſhe does not begin to lay till ſome weeks after 


her arrival. I never. could procure an egg till after the middle : 
of May, though probably an early- coming Cuckoo may pro- 
duce one ſooner A = 


* What is * 1 an cariy- coming Cuckoo, I ſhall more fully explain in a 
Paper I intend to lay before you on the Migration of Birds; but it may be 
neceſſary to mention here, that migrating birds of the ſame ſpecies arrive and. 
depart in ſucceſſion. Cuckoos, for example, appear in greater numbers on the 
*he ſecond than on the week of their arrival, and they diſappear in the ſame 


The 


gradual manner. 
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The Cuckoo makes choice of the neſts of a great variety of 
ſmall birds. I have know its egg intruſted to the care of the 
Hedge-ſparrow, the Water-wagtail, the Titlark, the Yellow- 
hammer, the green Linnet, and the Whinchat. Among 
theſe it generally ſelects the three former; but wy a much 
greater partiality to the Hedge-ſparrow than to any of the reſt : 
therefore, for the purpoſe of avoiding confuſion, this bird only, 
in the following account, will be conſidered as the foſter · parent 
of the Cuckoo, except in inſtances which are particularly wt 
cified. | | 
The Hig enen — a up four or five days. i in 
laying her eggs. During this time (generally after ſhe has laid 
one or two) the Cuckoo contrives to depoſit her egg among the 
reſt, leaving the future care of it entirely to the Hedge · ſpar- 
row. This intruſion often occaſions ſome diſcompoſure ; for 
the old Hedge-ſparrow at intervals, whilſt ſhe is fitting, not 
unfrequently throws out ſome of her own eggs, and ſome- 
times injures them in ſuch a way that they become addle; fo 

that it more frequently happens, that only two or three Hedge- 

ſparrow's eggs are hatched with the Cuckoo's than otherwiſe : 
but whether this be the caſe or not, ſhe ſits the ſame length of 
time as if no foreign egg had been introduced, the Cuckoo's 
egg requiring no longer incubation than her own. However, 1 
have never ſeen an inſtance where the Hedge-ſparrow has 
either thrown out or injured the egg of the Cuckoo. 

When the Hedge-ſparrow has fat her uſual time, and i" 
gaged the young Cuckoo and ſome of her own offspring from 
the ſhell *, her own young ones, and any of her eggs that 
remain et are ſoon turned out, the young Cuckoo 
remaining poſſeſſor of the neſt, and ſole object of her future 


* The young Cuckoo is commonly hatched firſt. 


Mr. J=%xzx's Obſervalions on the - 
The young birds are not previoufly killed; nor are the 
es ider but all are left to periſh together, either en- 
tangled about the buſh! which contains the neſt; or Ving on 
the ground under it. 7 
The early fate of the young mager is a circum- 
ſunce that has been noticed by others, but attributed to wrong 
cauſes. A variety of conjectures have been formed upon it. 
some have ſuppoſed the parent Cuekoo the author of their de- 
ſtruction; while others, as erroneouſly, have pronounced them 
| ſmothered by the diſproportionate fize of their fellow-neſtling. 
| Now the Cuckoo's egg being not much larger than the Hedge- 
ſparrowy's (as I ſhall more fully point out hereafter) it neceſſa- 
rily follows, that at firſt there can be no great difference in 
the ſize of the birds juſt burſt from the ſhell. Of the fallacy 
of the former aſſertion alſo I was ſome years ago convinced, by 
having found that many Cuckoo's eggs were hatched in the 
neſts of other birds after the old Cuckoo had diſappeared ; and 
by ſeeing the fame fate then attend' the neſtling ſparrows as 
during the appearance of old Cuckoos in this country. But, 
before I proceed to the facts relating to the death of the young 
Sparrows, it will be proper to lay before you fome examples of 
the incubation of the egg, and the rearing of the young 
Cuckoo; ſince even the well known fact, that this buſineſs is 
intruſted to the care of other birds, has been controverted by 
1 Author who has lately written on this ſubject *; and ſince, 


as it is a fact ſo much out of the 1 courſe of nature, it 
may ſtill 3 be diſbelieved by others. 


\ 


The Hon. Dunn BARRINGTON. 
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"EXAMPLE I. 


The Titlark is frequently ſelected by the Cuckoo to take 
charge of its young one; but as it is a bird leſs familiar than 
many that I have mentioned, its neſt is not ſo often diſco- 
vered. I have, nevertheleſs, had ſeveral Cuckoo's eggs brought 
to me that were found in Titlark's neſts; and had one oppor- 
tunity of ſeeing the young Cuckoo in the neſt of this bird: I 
ſaw the old birds feed it repeatedly, and, to ſatisfy myſelf that 
” they were really TDs: ſhot them both, and found them to 
be Ms 


EXAMPLE I. 


3 Cuckoo lad her egg in a Water · wagtaibs neſt ; in the- 
thatch of an old cottage. 'The Wagtail ſat her uſual time, 
and then hatched all the eggs but one; which, with all the 
young ones, except the Cuckoo, was turned out of the neſt. 
The young birds, conſiſting of five, were found upon a rafter 
that projected from under the thatch, and with them was the 

egg · not in the leaſt injured. On examining the egg, 1 found 
the young Wagtail it contained quite perfect, and juſt in ſuch 
a ſtate as birds are when ready to be diſengaged from the ſhell. 

The Cuckoo was reared by the Wagtails till it was nearly- 

capable of flying, when it was killed by an accident. 


EXAMPLE 1II. 


A Hedge-ſparrow built her neſt in a hawthorn buſh i in a 
. after ſhe had laid two eggs, a Cuckoo dropped in 


a third. 
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ee of the young Cackoo juſt diſengaged from the ſhell, 


Me. — $ Obſervations on the 
a third. The Sparrow continued laying, as if nothing had 


happened, till ſhe had laid five, her uſual number, and then 


ſat. 
* 20, 1786. On inſpedting the neſt I found, tht the 


bird had hatched this morning, and that every thing but the 
young Cuckoo was thrown out. Under the neſt I found one 


of the young Hedge-ſparrows dead, and one egg by the fide of 


the neſt entangled with the coarſe woody materials that formed 


its outſide covering. On examining the egg, I found one end 


of the ſhell a little cracked, and could ſee that the Sparrow it 
. contained was yet alive. 
in a few minutes was thrown out. The egg being again ſuſ- 
| pended by the outſide of the neſt, was ſaved a ſecond time from 
breaking. To ſee what would happen if the Cuckoo was 


removed, I took out the Cuckoo, and placed the egg contain- 
ing the Hedge - ſparrow in the neſt in its ſtead, The old birds, 


It was then reſtored to the neſt, but 


during this time, flew about the ſpot, ſhewing ſigns of great 


= anxiety ; but when I withdrew, they quickly came to the neſt 
again. On looking 1 into it in a quarter of an hour afterwards, 
I found the young one completely hatched, warm and lively. 
The Hedge-ſparrows were ſuffered to — undiſturbed with 
their new charge for three hours (during which time they paid 
every attention to it) when the Cuckoo was again put into the 
neſt. The old Sparrows had been ſo much diſturbed by theſe 


intruſions, that for ſome time they ſhewed an unwillingneſs to 


come to it: however, at length they came, and on examining 
the neſt again in a few minutes, I found the young Sparrow 


was tumbled out. It was a ſecond time reſtored, but again ex- 


perienced the ſame fate. 


From theſe experiments, and ſuppoſing, from the feeble ap- 
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that it was utterly incapable of diſplacing either the egg or the 
_ young Sparrows, I was induced to believe, that the old Spar- 
rows were the only agents in this ſeeming unnatural buſineſs ; 
but I afterwards clearly perceived the cauſe of this ſtrange phæ- 
nomenon, by diſcovering the young Cuckoo in the act of diſ- 
placing 1 its — as We AG relation will fully 
85 evincte. 
June 18, 1787, I cath the neſt of a Hedge-parrow, 
9 3 which then contained a-Cuckoo's and three Hedge-ſparrow's 
eggs. On inſpecting it the day following, I found the bird had 
hatched, but that the neſt now contained only a young Cuckoo 
and one young Hedge-ſparrow. The neſt was placed ſo near 
the extremity of a hedge, that I could diſtinctly ſee what was 
going forward in it; and, to my aſtoniſhment, ſaw the young 
Cuckoo, though ſo newly hatched, in the act of wraing out 
the young Hedge-ſparrow. _ 

The mode of accompliſhing this was very curious. The : 
little animal, with the aſſiſtance of its rump and wings, con- 
trived to get the bird upon its back, and making a lodgement 
for the burden by elevating its 8 ys, clambered backward 
with it up the fide of the neſt till it reached the top, where 

reſting for a moment, it threw off its load with a jerk, and 
quite diſengaged it from the neſt. It remained in this ſituation 
a ſhort time, feeling about with the extremities of its wings, 
as if to be convinced whether the buſineſs was properly exe 
cuted, and · then dropped into the neſt again. With theſe (che 
extremities of its wings) I have often ſeen. it examine, as it 
were, an egg and neſtling before it began its operations; and 
the nice ſenſibility which theſe parts appeared to poſſeſs ſeemed 
ſufficiently to compenſate the want of ſight, which as yet it 


was deſtitute of, I afterwards put in an egg: and this, by a 
fimulay 


* f - 
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I - p?o* =, "was conveyed. i to the edge of the- neſt, ani} 
elif bot. Theſe experiments I have ſince repeated ſeveral 
times in different neſts, and have always found the young 
Cuckoo diſpoſed * to act in the ſame manner. In climbing up 
the neſt, it ſometimes drops its burden, and thus is foiled in 
its endeavours; but, after a little reſpite, the work is re- 
ſumed, and goes on almoſt inceſſantly till it is effected. It is 
wonderful to ſee the extraordinary exertions of the youn 
Cuckoo, 'when it is two! or three days old, if a bird be pu 
into the neſt with 1 it that is too weighty for it to lift out. II 
this ſtate it ſeems ever reſtleſs and uneaſy. But this diſpoſi- 
tion for turning out its companions begins to decline from the 
time it is two or three till it is about twelve days old, when, 
as far 48 1 have hitherto ſeen, it ceaſes. Indeed, the diſpoſi- 
tion for throwing out the egg appears to ceaſe a few days 
ſooner ; ; for I have frequently ſeen the young Cuckoo, after it 
had been hatched nine or ten days, remove a neſtling that had 
been placed in the neſt with it, when it ſuffered an egg, put 
there at the ſame time, to remain unmoleſted. The ſingu- 
1 larity of its ſhape i is well adapted to theſe purpoſes; for, dif- 
ferent from other newly-hatched birds, its back from the ca- 
5 pule downwards i is very broad, with a conſiderable depreſſion 
in the middle. This depreſſion ſeems formed by nature for 
the deſign of giving a more ſecure lodgement to the egg of 
the Hedge- ſparrow, or its young one, when the young Cuckoo 
18 employed i in removing either of them from the neſt. - When 
it is about twelve days old, this cavity 4s quite filled up, and 
then the back aſſumes the ſhape of neftling birds in general. 
Having found that the old Hedge - ſparrow commonly throws 
out ſome of her own eggs after her neſt has received the 
Cuckoo s, and not knowing how ſhe might treat her young 
2 * 
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ones i the young Cuckgo was deprived of the power of diſ- 
poſſeſſing them of the neſt, I made the following experiment. 
July 9. A young Cuckoo, that had been hatched by a 
Hedge-ſparrow about four hours, was confined in the neſt in 
ſuch a manner that it could not poſſibly turn out the young 
Hedge-ſparrows which were hatched at the ſame time, though 
it was almoſt inceflantly making attempts to effect it. The 
onſequence was, the old birds fed the whole alike, and ap- 
ared in every reſpect to pay the ſame attention to their own 
young as to the young Cuckoo, until the 1 3th, when the neſt 
was unfortunately plundered. . | 

The ſmallneſs of the Cuckoo s egg in popparticn to the ſize of 
the bird is a circumſtance that hitherto, I believe, has eſcaped the 
notice of the ornithologiſt. So great is the diſproportion, that 
it is in general ſmaller than that of the Houſe-ſparrow ; 
whereas the difference in the fize of the birds is nearly as five 
to one. I have uſed the term in general, becauſe eggs produced 
at different times by the ſame bird vary very much in ſize. 
I have found a Cuckoo's egg fo light that it weighed only _ 
forty-three grains, and one ſo heavy that it weighed fifty-five 
grains. The colour of the Cuckoo's eggs is extremely varia- 


dle. Some, both in ground and penciling, very much reſemble 


the Houſe-ſparrow's; ſome are indiſtinctly covered with bran- 
coloured ſpots ; and others are marked with lines of black, 
reſembling, 1 in ſome meaſure, the eggs of the Yellow-hammer. : 
The circumſtance of the young Cuckoo's being deſtined by 
nature to throw out the young Hedge-ſparrows, ſeems to ac- 
count for the parent - cuckoo's dropping her egg in the neſts of 
birds fo ſmall as thoſe I have particulariſed. If ſhe were to do 
this in the neſt of a bird which produced a large egg, and 
conſequently a large neſtling, the young Cuckoo would pro- 
Vor. LXXVIII. 8 1 Foy bably 
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3s ; Mr „Niers, ; — on 'the 
- bably find an inſutmountable diffculty i in ſolely poſſeffin ing the 
neſt, as its exertions would be unequal to the labour of turn- 
ing out the young birds . Befi des, though many of the 
larger birds might have fed the neſtling Cuckoo very properly, 
had it been committed to their charge, yet they could not have 
ſuffered their own young to have been ſacrificed, for the accom- 
modation of the Cuckoo, in ſuch great number as the ſmaller 


be a vain attempt to calculate the numbers of neſtlings de? 
ſtroyed by means of the Cuckoo, yet the ſlighteſt obſervation 
would be ſufficient to convince us that they muſt be very - 
Jarge. oz 
Here it may be banks d that though. nature permits the 
: young Cuckoo to make this great waſte, yet the animals thus 
deſtroyed are not thrown away or rendered uſeleſs. At the ſea- 
ſon when this happens, great numbers of tender quadrupeds 
and reptiles are ſeeking proviſion; and if they find the callow 
neſtlings which have fallen victims to the young Cuckoo, they 
are furniſhed with food well adapted to their peculiar ſtate. 
It appears a little extraordinary, that two Cuckoo's eggs 
ſhould ever be depofited in the ſame neſt, as the young one 
produced from one of them muſt inevitably periſh ; yet I have 


known two inſtances of this kind, one of which I ſhall 
relate. 


I have known an inſtance in which a Hedge-fparrow fat upon a Cuckoo's egg 
and one of her own, Her own egg was hatched five days before the Cuckoo's, 

- when the young Hedge-ſparrow had gained fuch a ſuperiority ia fize that the 
young Cuckoo had not powers ſufficient to lift it out of the neſt till it was two: 
days old, by which time it was grown very conſiderably, This egg was probably 
laid by the Cuckoo ſeveral days after the Hedge-ſparrow had begun to ſit; and 
even in this caſe it appears, that its. preſence had created the diſturbance before 
alluded to, as all the Hedge · ſpatrow 5 eggs were gone except one. J 
une 


ones, which are ſo much more abundant; for though 1 it would 
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Jive 27, 1787. Two Cuckoos and a Hedge-ſparrow were 
hatched in the ſame neſt this morning; one Hedge-ſparrow”: 7 
egg remained unhatched. In a few hours after, a conteſt be- 
gan between the Cuckoos for the poſſeſſion of the neſt, which 
continued undetermined till the next afternoon ; when one of 


them, which was ſomewhat ſuperior i in ſize, turned out the 


other, together with the young Hedge-ſparrow and the un- 
hatched egg. This conteſt was very remarkable. The com- 
batants alternately appeared to have the advantage, as each car- 
ried the other ſeveral times nearly to the top of the neſt, and 
then ſunk down again, oppreſſed by the weight of its burden; ; 
till at length, after various efforts, the ſtrongeſt prevailed, and 
was afterwards brought up by the Hedge-ſparrows. 


I come now, Sir, to conſider the principal matter that has 

agitated the mind of the naturaliſt reſpecting the Cuckoo: 
avby, like other birds, it ſhould not build a neft, incubate its ge, , 
and rear its own young ? 
I here is certainly no reaſon to be \pncd from the n 
tion of this bird why, in common with others, it ſhould not 
perform all theſe ſeveral offices; for it is in every reſpect per- 
fectly formed for collecting materials and building a neſt. Nei- 
ther its external ſhape nor internal ſtructure prevent it from 
incubation; nor is it by any means incapacitated from bringing 
food to its young. It would be needleſs to enumerate the 
various opinions of authors on this ſubje& from Ar1sToTLE to 
the preſent time. Thoſe of the ancients appear to be either 
viſionary, or erroneous ; ; and the attempts of the moderns 
towards its inveſtigation have been confined within very narrow 
limits; for they have gone but little farther in their reſearches 
than to examine the conſtitution and ſtructure of the bird, and 
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| external covering, concluded that the preſſure upon this part; 
| in 2 1 1 ore, prevented incubation. © have got 


racks Wildes to thoſe of Ciickdos "the Waun of the 


as thinly covered with external integuments. Nor have they 
conſidered, that the ſtomachs of neftlings are always much 
| diſtended with food ; and that this very part, during the whole 


time of their confinement to the neſt, fupports, in a great 
degree, the weight of the whole body ; whereas, in a fitting 


bird, it is not nearly ſo much preſſed upon; for the breaſt i in 
that caſe fills up chiefly the cavity of the neſt, for which pur- 
wes. from its natural convexity, it is admirably well fitted. 


Theſe obſervations, I preſume, may be ſufficient to ſhew 
that the Cuckoo is not rendered incapable of fitting through a 


Owl, for example, is Proportionably Capacious, and is almoſt 
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peculiarity either in the fituation or formation of the ſtomach ; 


| yet, as a proof ſtill more deciſive, I ſhall 1 lay before you the 
- following | fact. 
In the ſummer of the year I 786, 1 98 in the neſt of a Hedge- 


ſparrow, a Cuckoo, which, from its fize and plumage, appeared 


to be nearly a fortnight old. On lifting it up in the neſt, I 


obſerved two Hedge-ſparrow's eggs under it. At firſt I ſup- 
poſed them part of the number which had been fat upon by 


the Hedge-ſparrow with the Cuckoo's egg, and that they had 


become addle, as birds frequently ſuffer ſuch eggs to remain in 
their neſts with their young; but on breaking one of them 1 


found it contained a living fœtus; ſo that of courſe theſe eggs 


muſt have been laid ſeveral days after the Cuckoo was hatched, 


as the latter now _— filled up the neſt, and was by 
ls * this 
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this evi — e the . of a frting- 
A Having gi my „ infpettion, i in Aber Hedge- 83 s 
wad A young Cuckoo, about the ſame fize as the former, I 
procured two Wagtail's eggs which had been fat upon a few 
days, and had them immediately conveyed to the 2 ſpot, and 
placed under the Cuckoo. On the ninth day after the eggs 
had been in this ſituation, the perſon appointed to ſuperintend 
the neſt (as it was ſome diſtance from the place of my reſi- 
-dence) came to inform me, that the Wagtails were hatched. 
On going to the place, and examining. the neſt, I found 
| nothing in it but the Cuckoo and the ſhells of the Wagtail's 
eggs. The fact, therefore, of the birds being hatched, I do 
not give you as coming immediately under my own eye; but 
the teſfimony of the perſon appointed to watch the neſt was 
corroborated by that of another witneſs. 
To what cauſe: then may we attribute the eds of © 
the Cuckoo ? May they not be owing to the following. cireum- 
ſtances? The fhort reſidence this bird is allowed to make in the 
country where it 1s deſtined to propagate its ſpecies, and the call 
that nature has upon it, during that Hort reſidence, to produce a 
numerous progeny. The Cuckoo's firſt appearance here is about 
the middle of April, commonly on the 17th. Its egg is not 
ready for incubation till ſome weeks after its arrival, ſeldom 
before the middle of May, A fortnight is taken up. by 
the ſitting bird in hatching the egg. The young bird gene- 
rally continues three weeks in the neſt before f it flies, and the 


* At this time I was unacquainted with the fact, that the young Cuckoo 
turned out the eggs of the Hedge-ſparrow ; but it is reaſonable to conclude, 


that it had · loſt the diſpoſition for doing this when theſe eggs were ne 3 


the neſt. 


foſter- 
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fo that, if a Cocke hould 1 be 2 wich an — a — 
than the time pointed out, not a ſingle naſtling, even one of 
the earlieſt, would be fit to provide for itſelf before its pareut 
would be inſtinctively directed to ſeek a new reſidence, and be 
chus compelled to abandon its young one; for old -Cuckoos 
take their final leave of this country the firſt week in July. 
Had nature allowed the Cuckoo to have ſtaid here as long 

as ſome other migrating birds, which produce a ſingle ſet of 
young ones (as the Swift or Nightingale, for example), and had 
allowed her to have reared as large a number as any bird is 

| capable of bringing up at one time, theſe might not have been 
I ſufficient to have anſwered her purpoſe ; but by ſending the 
Cuckoo from one neſt to another, ſhe is reduced to the ſame 
i fate as the bird whoſe neſt we daily rob of an egg, in which 
caſe the ſtimulus for incubation is ſuſpended. Of this we have 

4 a familiar 3 in 4 common domeſtic fowl. That the 


to prove very deciſively, Upon a — 1 bad an oppor- 
1 tunity of making between the ovarium, or racemus vitellorum, 
1 of a female Cuckoo, killed juſt as ſhe had begun to lay, and of 
= , © pullet killed in the ſame ſtate, no effential difference ap- 


1 peared. The uterus of each contained an egg perfectly formed, 
= and ready for excluſion ; and the ovarium exhibited a large 
| d4aluſter of eggs gradually advanced from a very diminutive ſize, 
ji to the greateſt the yolk acquires before it is received into the 

| _ ovidua. The appearance of one killed on the third of July 
I, was very different. In this I could diſtinctly trace a great 
number of the membranes which had diſcharged yolks into 
ll the oviduct; and one of them appeared as if it had parted 


4 with a yolk the Ong day. The ovarium ſtill exhibited a 
= | cluſter 


chuſter of a eggs; but the moſt forward of them was 
2 larger than a muſtard-ſeet. 


I would not be underſtood, Sir, to advance that every egg 
which ſwells in the ovarium at the approach or commence- 
ment of the propagating ſeaſon is brought to perfection; but 
it appears clearly, that a bird, in obedience to the dictates of 
her own will, or to ſome hidden cauſe in the animal economy, 
can either retard or bring forward her eggs. Beſides the exam-. 
ple of the common fowl above alluded to, many others occur. 
If you deſtroy the neft of a Blackbird, a Robin, or almoſt any 
ſmall bird, in the ſpring, when ſhe has laid her uſual number 
of eggs, it is well known to every one, who has paid any 


attention to enquities of this kind, in how ſhort a ſpace of 


time ſhe will produce a. freſh ſet. Now, had the bird been 
| ſuffered to have proceeded without interruption in her natural | 
courſe, the eggs would have been hatched, and the young 
ones brought to a ſtate capable of providing for themſelves, 
before ſhe would have been induced to make another neſt, and 
excited to produce another ſet of eggs from the ovarium. If 
the bird had been deſtroyed at the time ſhe was fitting on her 
firſt laying of eggs, diſſection would have ſhewn the ovarium 
containing a great number in an enlarged ſtate, and advancing 
in the uſual progreffive order. Hence it plainly appears, that 
birds can keep back or bring forward (under certain limita- 
tions) their eggs at any time during the ſeaſon appointed for 
them to lay; but the Cuckoo, not being ſubject to the 
common interruptions, goes on laying from the time the 
begins, till the eve of her departure from this country : for 
-although old Cuckoos in general take their leave the firſt week 
in July (and I never could ſee one after the 5th day of that 
3 month), 


3 uy . 

, N 2 * 0 4 . 5 R — 

| | K i „ Wee N N ä 

3 * CM , 4 F 5 * 1 * * A 4% 4 "yo 

N * ; n . * 5 , $. j 5 * 

5 I” , 4 
4 * * i 
f 5 s * * 
— Biory of the C Sab TY 
p ' : 
233 1 
X | | | 
* 
a 


* 4 — 5 _ * . - 0 N - Py - _ = * — 
— — — . — — — — — ar na = — 1 — — = = 
— — — — — - — » . = 
— NET Cn ATRIy * * k _— l — — — 
E PT . „% „%% : 2 þ — ig — i — — ——— — — —— —ů— — ' „ _—_ 1 n — — — = 
y a 9 ” u — - - — — - 7 « — 
* * s * a , 
— , 
* : . : 
7 1 
% „ 
q * ; 
— 5 
, . 
* " - 
* 
* 


—— — 


whiſper, This diſpoſition is apparent in many other animals. 


= Mb: Murr S E abbr, 


1 month * ft F have known” ah inſtance” of an egg's being . 
hatched in the neſt of a Hedge-ſparrow , fo late as the 1 5th. 
And a fatther proof of their continuing to lay till the time of 
their leaving us may, I think, be fairly deduced from the ap- 
pearances on diſſection of the female Cuckoo above-mentioned, 

killed on the 3d of July, =» 


Among the many peculiarities of the young Cuckoo, there 


zs one that ſhews itſelf very early. Long before it leaves the 

neſt, it frequently, when irritated, aſſumes the manner of a 
bird of prey, looks ferocious, throws itſelf back, and pecks at 
any thing preſented to it with great vehemence, often at the 
ſame time making a chuckling noiſe like a young hawk. 


Sometimes, when diſturbed in a ſmaller degree, it makes a 


| Kind of hiff ing noiſe, accompanied with a heaving motion of i 
the whole body +4. The growth of the young Cuckoo is un- 


commonly rapid. 


The chirp is plaintive, 1 like that of the Hedge-ſparrow but 
the ſound is not acquired from the foſter-parent, as it is the 
Fame whether i it be reared by the Hedge perro, or other 
bird. | 
It never acquires the adult note during its ſtay in this 
country. A 
The ſtomachs of young Cuckoos contain a great variety of 
food. On difſeQing one that was brought up by Wagtails, 


7M Though I am ſen re with an inſtance, yet I conceive it poſſible, 
that here and there a ſtraggling Cuckoo may be ſeen after this time, 
+ Young animals, being deprived of other modes of defence, are probably 


endowed with the powers of exciting fear in their common enemies, If you 
but lightly touch the young Hedge-hog, for inſtance, before it becomes fully 


armed with its prickly coat, the little animal jumps up with a ſudden ſpring, and 
jmitates very cloſely the ſound of the word h as we pronounce it in a loud 


and 


„ orgy 
Jak fed by: 4 time it whs ſhot (though it was: ndwly 


af the ſize and fulneſs of pluniage of the parent-bird) 1 found 
in its ſtomach the following ſubſtances. a | 
Elies and Beetles of various kinds. 
Small Snails; with their ſhells . 1 
SGraſhoppers. ſr: 4 + 4 | 
Caterpillars. 
Part of a Horſe-bean. EIT 
A vegetable ſubſtance reſerablin 8 bits of rough gra, rolled 
into a ball. 
The ſeeds of a vegetable 1 that reſembled thoſe of the gooſe 
graſs. 2 11 
In the — of one fed by be the conten ts 
were almoſt entirely vegetable ; ſuch as wheat, ſmall vetches, 
&c. But this was: the only. inſtance of the kind I had ever _ 
ſeen, as theſe birds, in general, feed the young Cuckoo with 
ſcarcely any thing but animal food. However, it ſerved. to 
clear up a point which before bad fomewhat puzzled me; for 
having found the Cuckoo's egg in the neſt of a green linnet, 
which begins very early to feed its young with vegetable food, 
1 was apprehenſive, till I faw this fact, that this bird would 
have been an unfit fofter-parent for the young Cuckoo. 
The Titlark, 1 2 feeds it Prineipaly with Graf- 
hoppers. | 
But the moſt be fubſtinee, 90 * met WY in Fn 3 
machs of young Cuckoos, is a ball of hair curiouſly wound 
up. I have found it of various ſizes, from that of a pea to 
that of a ſmall nutmeg. It ſeems to be compoſed chiefly of 
Horſe-hairs; and from the reſemblance it bears to the inſide | 
covering of the neſt, I conceive the bird ſwallows it while a 
neſtling. In the ſtomachs of old Cuckoos I have often ſeen 
VoL. LXXVII. K k | maikes 
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maſſes of has: but theſe had evidently onee formed a part! of: 
the * * which: the — often takes for its 

food. Het anpool fot of. daggralt 23; 
There 1 to * no > preciſe: time fixed for the tia of : 
young Cuckoos. I believe they go off in ſueceſſion, probably 
as ſoon as they are capable of taking care of themſelves; for 


although they ſtay here till they become nearly equal 1 in ſine 


aud growth of plumage to the old Cuckoo, yet in this very 
ſtate the foſtering care of the Hedge-ſparrow i is not with- 
drawn from them. I have frequently ſeen the young Cuckoo: 
of ſuch. #ſize that the Hedgo-ſparrow: has perched on its back, 
or half · expanded wing, in order to gain ſufficient elevation to 
put the food into its mouth. At this advanced ſtage, I: believe 
that young Cuckoos procure ſome food for themſelves ; like 
the young rook, for inſtance, which in part-feeds itſelf, and is; 
partly fed by the old ones till the approach of the pairing ſea» 
ſon. If they did not go off in ſucceſſion, it is probable we 
ſhould ſee them in large numbers by the middle of Auguſt; 
for as they are to be found in great plenty , when in a neſtling: 
Nate, they muſt nom appear very numerous, ſinoe all of them- 
muſt have quitted the neſt before this time. But this is not 
the caſe; for they are not more. numerous at any ſeaſon than 
the parent birds are in the months of Maꝝ and Jun. 
The ſame inſtinctive impulſe which directs the Cuckoo tos 
depoſit her eggs in · the neſts of other birds, dire&s her young 
one to throw out the eggs and young of the owner of the neſt. 
The ſcheme of nature would be incomplete without it; for it: 
would be extremely difficult, if not impoſſible, for the little 
res; deſtined to find ſuccoui for the Cuckoo, to find it alſo 


* I ove known four. young Cuckoos in the neſts of Hedge-ſparrows in a 
ſmall paddock at the ſame time. 


for 


2 
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For their Re young ones, after a certain period; nor would- 
there be room for the whole to inhabit the neſt. 


Thus, Sir, T have, with much pleaſure, complied with your 
requeſt; and hete lay before you ſuch obſervations as 1 have 
hitherto been capable of making on the natural hiſtory of the 
Cuckoo; and ſhould they throw ſome light on a ſubje& that 
has long lain hid in EF; 1 — not think. my time has 
been ill employed. 
With a grateful ſenſe of the many obligations ri owe to the 
friendſhip with vebach you have ſo long honoured me, 


7 


1 remain, &c. 


EDW. JENNER. . 
ann 3 | Ss 
Dr 27s 157. 


| E 
| 
1 N 
* 
1 
1 
. 
, 
10 
E 
TH i 
I : 
_ 7 '/ 
4 
J 
' : 
1 
11 
? 
nl 7 
1 
if! 
[ 
1 
N 
11 
x p 
1 11 
. | 
11 
} 
y 4 
5 | 
4) ; 
* ; 
4 3} 
d 
* + þ 
14 2 
i; 
{ | 
. 
4 
[ f 1 


1 
Rl! 
14 
14 
4 * 
F388 
= 
1 
Wl 
718 . 
(118 ; 
1. $$} 
i" N 
0 4 

J : 
— 
F4 : 
| || 

* 3 P 
7 
It 

: 


* p ? % 6 , —_— — 
a . ” | | 
. n 6 N ! * ö — 
d — | ” 
no "il of "= | < | l " 
ub x "3348 * FS 4 * th. 
K r | U 238 8 4 een 
| _ a Eh) 2 | 1 * *% =. 3 SS I 3 4 © 
, a X . ; * 0 
; i : : | * 
2 i * wa p " 
; ” + i 4 ; ” CU - "Th oh. . 1 9 'F-Y 
s » 8 4 » 7 - : & 3 8. 4&5» ; P 


cipally depends on the thickneſs, length, and elaſticity of the 
ſonorous bodies; but as the ſimpleſt ſonorous bodies, and the 
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xv. Of the —— of thoſe muſical I In — in e 
the Tones, Keys, ar Frets, are fixed, at in the Harpfiebord. 
Organ, Guitar, &c. By Mr. Ware cue * Win 
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7 HE Gate of: mY which i is ; uſed at PE its of 
ſeven principal notes or ſounds, which muſicians denote 


by the letters of the alphabet A, B, C, D, E, F, and G; 


which, together with ſome intermediate ones, commonly called 


flats and ſharps, and the octave of the firſt, make 1 3 ſounds. 


When thoſe ſounds are conſidered with reſpect to the firſt, 


they are called by the following names, vix. the prime or key- 
note, the ſecond minor, ſecond, third minor, third major, 
fourth, fourth major, fifth, ſixth minor, fixth major, ſeventh 


minor, ſeventh major, and oQave. 


Muſical ſounds are produced by the vibrations of the ſono- 


rous bodies, and they are acuter or rater as the vibrations 
performed in a given time are more or fs in number; ſo that 
if a ſtring vibrating 100 times in a. 


Sg 8 produces a certain 
ſound, and another ſtring” vibraring. 120 times in a ſecond 
produces another ſound; the latter in fact to be acuter, higher, 


or ſharper than the former. 


The number of vibrations performed i in a certain time prin- 


fitteſt for examination, are thoſe ſtrings which are equal in every 
3 e other 
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M. Cavarro's Obſervations, &e. 239. 
cokher reſpect, excepting in their lengths, becauſe the number 
of vibrations, which they perform in a given time, is ſimply. 
in the proportion of their lengths, we ſhall conſider only thoſe 
in the preſent inveſtigation, the number - of- vibrations per- 
8 by other ſorts of . bodies 5 * deduced 
from them. 5 
As the above-mentioned I 13 FRY are all different m 
each other, the ſtrings which produce them differ in length, 5 
and of courſe in the number of the vibrations, which, when. 
ſtruck, they perform in a certain time. Here follow the pro- 
portions. which the numbers of vibrations performed in a given. 
time, or the length of the ſtrings which exprefs thoſe 13 
ſounds, bear to the firſt, prime, or key-note. 


Firſt 1 Fourth 2 Seventh minor F 
Second minor, 4 Fourth | major * Seventh mr 
Second 2 Fifth 2 Ode r 
Third minor 5 Sixth minor 4 e TEL 
Third major 2 Sixth major = 


If, inſtead of many firings having thoſe . in order to 

| expreſs the 13 ſounds, or notes of an octave, one ſtring be 

divided according to thoſe proportions, and this ſtring be ſtopped 
conſecutively. in the different points or diviſions ; on being 


ſittruck, it will expreſs the correſponding ſounds. Thus, if a ſtring 


ſtretched between two fixed. points, as CZ fig. 1. Tab. III. be 
ſtruck, it will produce a ſound called the prime, fi firſt or key- note; 
if it be ſtopped in the middle, one-half of the ſtring will ſound 
the octave, its length, compared to that of the whole ſtring, 
being in the proportion of 2 to 1; if two-thirds of the ſtring 

de cauſed to vibrate, the ſound produced will be the fifth, its 


E 


n 
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length, compared to that of we whole fring, lag: as 2 to 
3, and ſo of the R 
The higheſt found of the ollie f is expreſſed by the half of 
the ftring ; ; and if this half be divided again in the ſame man- 
ner or proportion, a higher octave, will be obtained, the higheſt ED 
note of which will be expreſſed by a quarter of the original 
ſtring. This quarter may be divided again into a higher 
cctave, and ſo on; therefore, a ſtring ſo divided may expreſs 
the ſounds of all the keys of an harpſichord or organ. 
In regard to thoſe divifions it muſt be obſerved, that as the / 
notes of the ſecond octave bear the ſame proportion to the firſt 
note of that octave as the notes of the firſt octave reſpectively 
bear to the firſt note of that octave, or to the whole ſtring; 
and as the length c of the ſtring exprefling the firſt note of the 
ſecond octave, iS. CZ, fig. 1. is half the length of CZ, the 
firſt note of the firſt octave, it follows, that the length « of the 
ſtring of every note in the ſecond octave is half the length of 
the correſponding note in the firſt octave; thus g in the ſecond . 
coctave is 120 inches long. and G in the firſt octave is 240 
inches long, viz. twice 120. Hence, when the diviſions of 
the firſt octave are aſcertained, in order to find the diviſions of 
the notes of the ſecond octave, we need only take the half of 
the lengths expreff ng. the notes in the firſt octave. By the 
very fame reaſoning it is evident, that to find. the diviſions for 
the third octave, we need only take the halves of the lengths 
which expreſs the notes of the ſecond octave, or the quarters 
of thoſe of the firſt octave, and S 
The ftring or line CZ, fig. 1. is divided in the above-men= 
tioned manner, and i in order to avoid confuſion, the diviſions 
of tlie principal notes only of the firſt and ſecond oQave are 
annexed to it. 'The numbers under the line expreſs the lengths 


from 


the Kam of Muſcat Sb. 241 | 


from Z to the diviſions to which they ſtand near. The letters 
uſt over the lines are the names of the notes or ſounds ex · 
preſſed by the correſponding lengths of the ſtring. The frac- 
tional numbers expteſs the proportion which each particular 
diviſion bears to the whole ſtring; and the Roman numbers 
denote the numerical names of each note with reſpect to ãts 
diſtance from the firſt, which is always included. For example, 
ſuppoſe the whole ſtrivg to be called C, and to, be 360 
inches long: then, if this firing be ſtopped in G, the part GZ 
will be 240 inches, vix., two-thirds: of the whole ſtring GS; - 
the ſound expreſſed by it when ſtruck is called G, and it is 
the fifth note from C, which, is the firſt or key-note. Again; 
if this ſtring be ſtopped in A, the part AZ will be equal ta 
216 inches, vix. three-fifths of the whole; the ſound pro- 
duced by it is. called A, and is a fixth to the key · note C, &c. 
It is evident, that if any of thoſe diviſions be conſidered as 
the firſt or key note, then the other notes, though they retain 
their alphabetical names, muſt have their numerical names 
| altered! accordingly: for example, if we take D for the key- * 
note, their A will be the fifth of it, whereas A was the ſixth 
when C was conſidered as the key- note; thus alſo B 1 is the 
third of G, and the ſeventh of C, and fo on. 
Thus much having been premiſed, we may proceed to ſhew 
the meaning of what is called be temperament in a ſyſtem of 
muſical ſounds, and likewiſe the neceſſity of it. For this pur- 
poſe it 1s. neceſſary to recollect, firſt, that the firing, divided in 
the above-mentioned manner, exhibits the various notes or 
ſounds of the keys of an harpfichord, the pipes of an organ, 
| &c, Secondly, that thoſe diviſions remain unalterable, ſo that 
the harpſichord, when tuned, cannot be altered in the courſe 


of performing. on it; and, thirdly, that when any one of. 
LEE OT thoſe 


%, 


to the key - note; but amongſt the diviſions of the ſtrin g8· there 


among them which may ſerve for a fifth to D: however, as 


the length of AZ, viz. 216, is the neareſt to 2132, this A 
muſt be taken for the fift 


n | 
be a redundant ſixth to C, when C i is conſidered as the key- : 
note; the beſt expedient, therefore, i is to divide the imper- 
5 fection between the two lengths, vix. to make AZ neither ſo 
long as 216, nor fo ſhort as 2134, which will render the diſ- 
agrecable ſenſation, ariſing from the improper length, the leaſt 
_ poſſible. This alteration of the juſt lengths of ſtrings, ne- 
ceffary for adapting them to ſeveral key-notes, is called be 
| temperament : and the beſt temperament in a ſet of muſical 


| the other notes; ſo that if any ole of them be a perfect third, 
fifth, &c. with reſpect to one key. note, it will be found to be 
imperfect with reſpect to others. Hence it is manifeſt, firſt, 
that in a ſet of muſical keys, pipes, or frets, a temperament is 


242 1 Mr.'Cavaite's Obſervations on 
thoſe notes or diviſions is confidered as the Wees its ſecond, | 
third, fourth, fifth, &c. muſt bear their reſpective proportions, 


q nccording to what has been ſaid in the preceding pages. 


No, if amongſt the diviſions of the ſtring CZ, fig 1. we 


take D for the firſt or key · note, its length being 320 inches, 
_ the length of its fifth muſt be 2131 inches, vis. two-thirds 


of 320, that being the proportion which the fifth muſt bear 


is none equal to 2134 inches; therefore, there is not a note 


of D. It is evident, that this is 


k t if, in order to render it perfect, 
inches inſtead of 216, then it will 


an imperfe& fifth of D; 


ſounds is evidently ſuch a partition of the /natural imperfec- 


tions, as will render all the chords equally and the leaſt diſ- 
agreeable pothble. - | 


What has been exemplified | in D and A may be ſaid of all 5 


abſolutely wy, and, ſecondly, n the harpſichord, 


a c organ, 


imperfection. 


. 
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otgan, guitar, or any other inſtrument i in which, the notes a are 
fixed, ſo as not to be alterable by the performer 8 g 5 muſt 


222 


be imperfe&. even when tuned in the beſt manner poſſible; for, 


by the temperament we can vide, but not 2 > ſhe 


5 


„ 


Other inſtryments, 3 in 1 which the eh are not fxed, as the | 
rials violoncello, &c. are perfect, becauſe the performer ſtops, 
the ſtrings upon them in different places, even for founding 
the notes of the ſame name. Thus a ſkilful e In 
order to ſound A, will ſtop the ſtring a a little farther From the, 
bridge when he plays in the key of C, vix. when, Ci is Con ont. 
tered as the key-note, than when he plays i int the key of N 
Moſt people i imagine, that the ſcale of muſic 1 15 capable 85 
many different temperaments; and, agreeable to this ſuppgli- 
tion, the writers on harmonics have propoſed different tempe- 
raments; but it will be ſhewn in the ſequel, that the nature 
of the ſcale admits of only one temperament capable of ren⸗ 
dering the imperfection and the harmooy equal throughout ; 
and that it is impoſſible to form 3 eren ; A; and more advan= | 


| tageous ſcale. 8 AIRS 5 
which may poſſibly taiſe ſome doubts, in the e 
110 
proportion of 2 to 3. for the fifth, the proportion of 1 to 2 
the ſame time. 


Before we begin wich. 5 inveſtigation. of this ſubſea, 
rainds, of thoſs 
perſons who are not much acquainted with th the theor 
that the 
for the octave, and- in ſhort the proportions of all the notes. 
from conſtant experience, Vis. from the agreeable or diſagree- 
Vor. LXXVIIL 26 


will be neceſſary to explain certain principles, the want « f f 
ory. of Mu. 
ical ſounds. In the firſt place it muſt be obſerve yed, that the 
are not aſſumed at pleaſure; but they have been determined 
able effects produced when two | different notes are founded at 


* 4 TP 1 85 dies wöre or Jef diſagreeable. 7 When 


— 


” * 


* 


; ait e Nei Ir oh roations 7 BW 


Sreisder thi HHSte"evidai; iet bro Niclas "equal in every” 

— be ktruck at tlie ſame CY and they will expreſs: the 
ye {nd . precifely, ſo that no ear can perceive any dif- 
wie E bett ech ent, ark: lt“ is almoſt ĩmpoſſible to diſtin- 
guiſh whether the ſound ariſes from two ſtrings, or from one 
n ""exctpring” from the Tobdnefs. | But if one of thoſe 


only 


Pre 8 'be Tucceflively' ox pped in different parts: f its length, 
bil the Saler ene das before, 4 
they be "Both rink top 


and if at every time 
f eher, their combined ſounds will be 
bes dent eels; vis olketinies more or leſs 


found'o pts 194 


Al 


mbin Hoh dre the! tw] ſounds tre%g#ecable, they ave? 


= 
: Cal cer; j 411d bell diſagrecable, "they ar re called 4 iſcords. 


Esel rience e elles, kllat · the beſt concord is when the length 
of one King 15 to the length of the other as fr to 25 every” 


Aber eircufittänce being tile ſume in both. This proportion: 7; 


| forms the © 05 late. The next beft 'concord* i is the: fifth3iv72. 
when f GOT ofH6 bf the two firings are as 2 to 3. after which 


. come the propo ortichs d of 3 td 47 4 to 550 * to LY 5 to'6, and 


—— 


oth]: 4g REO IJ; 


5. to; 8, f or 125 other concords. The other proportions befidegs 


g b . fas Nea "fir a greater or leſs degree, unleſs they 
5 e "than TRE" phopotth on 6f l to #3 Hut in that caſe iv 
wi I Ihe ers ; Aft dhe Plerorwas which (produce: agreeable 


3 3 E the oe lt, Gcküple, &c. of thoſe 


mentione e of, 3 ale their” otaves, double octaves, &: 


- #14 4 Cr 


thus the proportion of of 1 to produces a 4 agreeable' con- 


cord, becauſe 1 to 4 Is the double of x1 to 2, vx. it it eee a 
double Octave. SE HT 5 

' Secondly, it appears, from the foregoing obſeivations; that 
if we have the length of a firing; or the proportion of a note 


in any part of the finng, we may eaſily find its octaves by 
taking 


T 
Te * F 4 


the, Temperam wo Mui -al 1 anl. 24 5 
.zaking.ts, doubles 9x, ig baff o the double gf the, double 
&,: for inſtance, in fig. 1. if 2 be giyen equal to to 90 in ches, 

de may find its Octave below by taking twice 90, vis. 8 188, « or 


Bert. 


the octave of this octave, "which 3 1s 360, vs. equal to twice 
180, or to four times 993 and, on the other fide, we may 


1171 


fing the oftave. above of the given, note by taking its half, 


which is 45, K 1. 
It is now neceſſary to ſhew why wha the ofiave. there are 
admitted, only. . thirteen. different, notes, VIS, eight oo! 

ones, and five others, called ſharps and flats. | 
„The line XY, fig. 2. r epreſents | a, muſical ſtring, the leagth 

* which i 15 ſuppoſed 1 to be divided. 1 into, 1 328602 5 equal parts *. 

On one ſide of this line there a are the diviſions of ſeven ſucceſ- 
: five oftaves, 07:3 the half of þ - A quarter of 1 it, &c.; 5 
and on the other fide are the diviſions of a ſeries of fifths, 
V. the fifth of the whole ſtring, the fifth of this fifth, 
and ſo on, which are found by taking two-thirds of the whole 
4; ſtring, then two-thirds of thoſe two thirds, and ſo on. e's 
1% Here we take notice ouly of the octaves and fifths, becauſe 
they are the principal, and the beſt concords; ſo that a tempera- 

ment being required, it is neceſſary firſt to take care, that theſe 
8 concords be not rendered inſufferable to the ear, the reſt admit- 
ting of a greater latitude i in the temperament or deviation from 
| the perfect ſtate. Beſides, it will appear in the ſequel, that all 
8 the other notes are derived from the ſeries of ſucceſſive fifths. 

In whatever key a piece of muſie is performed, its fifth is 
the moſt predominant of its concords; and. as the notes of 


* This number bie been choſen, becauſe the line toy in that Gf be divided into 
the neceſſary number of ſucceſſive octaves and fifths, without any common frac- 
tions, which renders the operation more eaſy and more perſpicuous ; otherwiſe 


there might have been aſſumed any other number. 5 
„ muſic 
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8 236 *. ay Ader N 
A mu DB ordered as that, for the fake” of modulation, 
"any, 58 8 may be "confi dered as the the key note therefore having 


found the fifth of the whole firing by taking two thirds of 'its 
len ngth, which gives a note called G, we muſt ſuppoſe, that 
this G may be conſi dered as the key note. conſequently. muſt 
find its fifth, which gives D, as 'ſhewn in the figure, and ſo 
on, until we find one of thoſe ſucceſſive fifths, which coin- 
eides with one of the ſucceſſive 6aves ; for after that, to find 
more ſucceſſive fifths would de only repeating the me thing 
over again. 9 
Indeed, if we carry "Us — of FOE me of fifths. 
indefinitely far, we ſhall find, that no one of the fifths ever 
_ coincides perfectly with one of the octaves, and therefore the 
diviſion would have no end. However, as the length of the 
ſeventh octave comes ſo very near to the twelfth fifth, we muſt 
be contented with taking this ſeventh octave for the fifth of 
F, the difference between this note and the perfect fifth of 
F being about the hundredth part of its length; whereas, if 
we carry on the ſucceſſion of fifths and of octaves, we ſhall 
find, that amongſt thirty and more fifths none comes nearer 
to one of the octaves than the above-mentioned one, as may 
be ſeen in the following table, which contains a feries of ſuc- 


ceſlive octaves, and another ſeries of ſucceſlive fifths, asin fig. 
2.; butin the table the divifſions are carried farther on chan! in 
the figure: : 5 
Octcaves. on Fifths. 
13286025 132860 5. 
Deen 8857350. 
3321 506, 25 — o_ 
1660753, 125 3936600. 


ere, * © *W24400; 


Octaves. 


13898, 5381 + 


12974,6387 + 


6487, 3193 
3243,54 


16217 „58274 


8310,13 


405,486 l 
202,728 , 
101, 364 + 
50o, 662 + 
12, 665 * 


The number of fiſths then in this ſeries is twelve, and as, from 
what has been ſaid above, when the diviſion expreſſing a cer- 


the Temperament of Muſical been, 
{ gs +45 21 

FI e — 2 Tes 
2 10379% % 3 


Fifths. 


1749600. 
1166400. 


518400. 
345600. 


| 230400. 


| 153600. 


2 102400. 
68266, 6 +; ; 
4550+ 
h 39349,7 +; 


20227 + 


2996,66 ＋ 
199797 +, 
1331,8 +: 
887,8 + 

592+ 
394, 6 +: 
263+ 


175,4+, 


117+ 
78+, 


52 * 


34,6 + 
23+ 
I5,3+ 


67 42,3 
| 4494, 8 + 


tain note has been all ui in any part of a ſtring, we may 


A 


cally 


3 


1 NY * Mr CavAnto's Oberweite SE ; * 
eaſily | find all ĩts octaves above and below, ãt follows, ha by 5 
finding all the -o&taves.of thoſe twelve diviſions; we ſhall have 
twelve diſtin& notes within half the firing, viz, within the firſt 

octave of the whole ſtring; to whieh, if the ſound of-the whole 

ſtring be added, we ſhall have thirteen different {punds, which 
ſhews why an octave anne more nor leſs than 

-thirteen notes. 


4 


Without dwelling any longer upon the names or number of 
thok notes, immediately . to find « out the tem- 
perament.-- Ares | 


S . i 


It has * 3 above, and it is expreſſed | in fig. . that 
:the length of the -ſtring for the laſtfifth is. ſhorter than the 
length of the laſt octave, and alſo that one of them muſt be 
neceſſarily taken for both purpoſes; but here we muſt conſult 
nature, examining by the ear which of the two is leaſt diſ- 
agreeable. ' 'T has, however, 1 is ſoon decided; for imperfect octaves | 
-are quite inſufferable, whereas a certain degree of imperfection 
in the fifths is tolerable; therefore we are neceſſitated to leave 
the octaves perfect, and to let the ſeventh octave ſerve for the 
fifth of F. In this caſe it is evident, that each of the notes 
in the ſucceſſion of fifths is a perfect fifth to its preceding : 
-note, excepting the laſt, which would be by much too flat, and 
therefore it is neceflary to divide the . equally 
among them all. 4 

For this purpoſe it muſt be l that as the FER 
ſucceſſive fifths, together with the whole ſtring or firſt note, 
are each two-thirds of its preceding note ; they form a geome- 
trical ſeries, the ratio of which is 2, its extremes are 1 3286025 
and 102400, and the number of terms is 13. But becauſe 
; anſtead of 102400, which is the laſt fifth, we muſt take the 
number 103797, 73125 (vix. the: length: of the laſt octave) 
| Wa e e eee . 3 


9 - 


the Denen, of Meter ee 21249 
for the laſt term of the ſeries; therefore the problem is reduced 
to the finding out of eleven mean eee * the. 
two numbers 1328602 5 and 103797, 703125. 1.901 
It is demohſtrated in almoſt every treatiſe 15 gern a, | 
arithinetic; that in a geometrical progreſſion, as the above 
mentioned one, the firſt or ſmalleſt extreme is to the laſt or 
greateſt extreme as unity is to a power of the ratio, the index; 
of which is equal to the number of terms leſs one. Hence, 
in our caſe, in which the number of terms, including the; 
two extremes, is 13, we ſhall. have gyn 7,0703125: 
73286025 1: R, from which the ratio is found by dividing; 
che ſecond number by the firſt, and: mA the twelfth; 


4 GA. BAIk 


{ 132860280 275 Ar 
ro from the uotient, vi. 2 1 28 7 and 
"4? = 7 JI 3 > - q 11 . 0 753797505 > 5 


2515 15458 3069, bb is the ratio SS. „ 
* ratio having been aſcertained,, the, ſucceſſion of tem- 


pered fifths is thus caſily eee ene the length 
of the, whole ſtring. by this, atio, ,and, th 81 quotient gives the 


Got mengen, lh dhe Bhs ith by "eh rs ratio, and 
ther quotient, gives the ſeconga tempered 6H 3. divide this te- 
con bby the ſame ratio, .. aud. ſo on l the-fa fifth, which 


sqmeès out equal to 1037977 2273 35 (ſeegſig. 3.) which Ng 


> el 7 
K* „ © 4 


- nearly equal to the length of the ſeventh octave, that the di. 


e — 12822 4 


fert nee is truly inſignifcant; but, if. greater accuracy, were 


Kk. 


required, We need, only. extract. the proper Wr! of 128 t to a 
greater number, of decimals. "ED . 3 
0 Eig. g. ſpews the diviſigns, of the Ring XZ aan, in 
the above mentioned manner; vi. the ſucceſſive fifths bare 
been aſcertained firſt, and then, by taking their octaves, the 
whole ſet of diviſions has been completed. By comparing 
this figure with fig. 2. one may eaſily perceive, . how ſmall is 
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rehpered-onts-df-the fr. 
The diviſions, thus — form 2 feries * a in. 
which the octaves only are perfect; but all the fifths, all the 
thirds, and in ſhort all the chords of the ſame denomination, 
are equally: tempered throughout i fo that whichever of them 
is taken for the key - note, its fifth, ſixth, &c. will have al- 
ways the ſame proportion to it, and conſequently will . 
produce the ſame harmony when ſounded with it. 
It is evident, that, beſides this, there can be no other tem- 
perament capable of producing equal harmony; for when the 
exttemes of a 2 feries: . purber. of mean rer 


Fra if \ we are to find two mean proportionals between the 
numbers 2 and 16, theſe are neceſſarily * and 8; nor is G 
poſſible to aſſign any others. e ee 
by on the other hand, we endeavour to find a better tem- 
x Jerament by introducing more than thirteen notes within the 
Fl of an octave, we ſhall find it impracticable, becauſe it 
has been thewn, in i dhe preceding pages, that after the number 
thirteen, if the ſaccefſion of fifths be carried farther! on, they 
will recede more from a coincidence with "oy" one of the 
 oftaves. FOR iy ; me. LEM 2 $075 2.1 
This explanation of the nature, ay atid clvellty of the 
temperament has been thought neceflary 'for the ſake of per- 
ſpicuity ; but the ſame end may be obtained by the following 
eafier method. As the thirteen notes of an octave muſt be 
arranged ſo, that whichever of them be taken for the firſt or 
key-note, the ſecond, third, fourth, &c. may bear the ſame 
conſtant proportion to it; therefore it follows, that they muſt | 
be 1 in a geometrical proportion one of the other, ſo as to form a 
ſeries 


the e 7 Muſeo * 2 51 | 

| ſeries of thirteen numbers, the extremes of which are the 
whole ſtring and its half, vis. any number and its half. The 
ratio of this ſeries is found in the ſame manner as in the other 
ſeries, vix. the greateſt extreme is divided by the leaſt, and the 
twelfth root of the quotient is the ratio ſought. But the ex- 
tremes are any aſſumed number and its half: and as the quo - 
tient of a number divided by the half of the ſame number is 
always equal to two; therefore, whatever be the length of 


the ſtring, the ratio is always 21* 1,0594 , and if the 
length of the whole ſtring be divided by this ratio, viz. 
1,0594 +, the quotient will be the length of the ſtring ex- 
prefling the ſecond note, which, divided by the ſame ratio, 
gives the third note, and ſo on; or elſe, inſtead of dividing 
the length of the whole ſtring by the ratio, you may multiply | 
the half of it by the ratio, the product of which will give the 
ſeventh note, which multiplied by the ſame ratio gives the 
ſixth, and ſo on in a retrograde order, which will give the 
| tempered notes of the octaves as well as the former method. 
By this means the following diviſions for the notes of an 
octave have been calculated, the length of the whole ſtring 
having been ſuppoſed equal to 100000. 
ä— 3 - vale” = 
b 94337. 
89090. 
84090. 
79370. 
7 „ 
1 
66743. 
62997. 
59462. 
56123. 
Vol. LXXVIII. 
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chord tuned by 1 it, this inſtrument will then be tuned fo, that 


— — 
o — - - — 
— — x _ 
pe as — — — 
* — 


var. T6896: | en EN 
1 a monochord be divided ! in this manner, and a harpfi- 5 


whichever note be taken for the firſt or key-note, its fifth, 


fxth, &e. will produce the ſame effect reſpectively. 


Thus far I have endeavoured to explain this ſubject in the 


moſt familiar manner, avoiding as much as poſſible the mathe- 


matical language and ſymbols; having found, by experience, 


that intricate mathematical diſquiſitions, eſpecially on this 


ſubject, are underſtood only by a few able mathematicians, 
but that they are neither Omprehended, nor even read, by : 


thoſe who might with to underſtand, or to uſe them. It is 
no neceſſary to conſid er this ſubject with — to the 
= practice. 1 | : 

— preſent, the kavpfichords and organs are wy 
tuned fo, that ſome concords are very agreeable to the ear, 

| whilſt others are quite intolerable; or, in other words, when 


the performer plays in certain keys, the harmony is very plea- 
ſing, in others the harmony is juſt tolerable, and in ſome other 


keys the harmony is quite diſagreeable. 


The beſt keys to be played in are the keys of E. of F, of 


E flat, of B flat, of G and of D in the major mood, and the 


keys of C, of D, of A, and of B, in the minor mood. Next 
to thoſe come the leſs agreeable keys of A, A flat, and E in 
the major mood ; beſides thoſe, the reſt are difagreeable in a 
greater or leſs degree, ſo that out of twelve keys *, which, on 


account of the two moods, viz. the major and the minor, 


become twenty-four, there are hardly fourteen that can be 


*The octave muſt be excepted, in this reſpect it being the ſame as the firſt 
note. 
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| the w emperament 5 Me M 
vſed; and for this reaſon moſt of the modern compoſitions 3 * 


muſic are written in thoſe keys. 
So far the common method of tuning anſwers "OO pur- 


only, it is much better to have them tuned in the moſt advan- 
tageous manner, than to let thoſe be tuned in a leſs perfect man- 
ner for the ſake of others, which he does not intend to uſe. Hence 
the great harpſichord players generally have their inſtruments 


uſe in their compoſitions. And hence alſo, the harpſichords 
and organs are always tuned different from each other, unleſs 


they be tuned by the ſame perſon with equal attention, and 


without any particular inſtructions. 


his practice cannot conveniently be laid aſide, wit. when 
the inſtrument is to be tuned for ſolo playing; and for a cer- 
tain ſtyle of muſic, it is very proper to tune it ſo as to give the 
greateſt effe& to thoſe combinations of ſounds, which are moſtly 
uſed in thoſe compoſitions. But the caſe is far different when 


the inſtrument is to ſerve for accompanying other inſtruments 
in every ſort of muſic, or the voices of good ſingers; for then 
the diſagreement becomes very audible; and for this purpoſe 


the harpſichord or organ ought to be tuned according to the 


above demonſtrated temperament of equal harmony, which is 
the only one that can poſſibly take place. 


When the compoſitions of old maſters are performed i in con- 
cert, and with the organ or harpſichord tuned in the common 


manner, the effect is frequently very diſagreeable. This is 
particularly the caſe with the ſongs of HANDEL, Gal Luppf, 


LEo, PERGOLESE, and others, hs wrote in a great variety 


M m2 of 
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dd; for as long as the performer is to play in certain keys 


tuned i in a peculiar manner, viz. ſo as to give the moſt advan= 
tageous effect to thoſe concords which they more frequently | 


f 


ISS of keys, 100 very often in thoſe, for which þ the common 3 ma * I 
of tuning is not at all calculatd. 
In order to hear the effect of the — tempera | 5 
ment of equal harmony, I had a monochord made in a very © 
accurate manner, and upon it I laid down the diviſions for the 
thirteen notes of an octave properly tempered in the manner 
| explained above. After a great deal of trouble in adjuſting the 
moveable fret, correQing the diviſions, &c. I at laſt ſycceeded 
ſo well as to render the diviſions exact within at leaſt the zooth 
part of an inch, and every part of the inſtrument was rendered 
ſufficiently ſteady and unalterable. 1 — * 
This being done, I had a large harpf chord, with a frogs 
uniſon (in order to judge the better of the effect), tuned very 
accurately by the help of the monochord. With this inſtru- 
ment, in whatever key the performer played, the harmony was 
perfectly equal throughout, and the effect was the ſame as if 
one played in the key of E natural on a harpſichord tuned in 
the uſual manner. 

1 ſhall, therefore, conclude. with- * that when the | 
harpſichord, organ, &c. is to ſerve for ſolo playing, and for a 
particular ſort of muſic, it is proper to tune in the uſual man- 
ner, ws. ſo as to give the greateſt effect to thoſe concords 
which occur more frequently in that ſort of muſic ; but that 
when the inſtrument is to ſerve for accompanying other inſtru- 
ments or human voices, and eſpecially when modulations and 
5 tranſpoſitions are to be practiſed, then it muſt be tuned accord- 


ing to the temperament of equal harmony, which has been 
explained in the preceding pages. 
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i XVI. Deſcription of a new Eleetrical Infirument capable of col- 
lecting together a di ifuſed or little condenſed Quantity of Elec 
tricity. By Mr. Tiberius Cavallo, F. N. S. 


| Read April 10, 1788. 


\ NE of the ul deſiderata i in practical bh has 
been a method of aſcertaining the preſence and quality 
of ſuch diffuſed or weak electricity as could not ir mediately 
affect an electrometer; of this nature is the electricity pro- 
duced by efferveſcences and other proceſſes, the electricity of 
the atmoſphere in ſerene and warm weather, &c. ” 

M. VoLTa' s condenſer, which is deſcribed in Volume 
LXXII. of the Philoſophical Tranſactions, was the firſt at- 
tempt of the kind, and, indeed, when this inſtrument is in 
good order, it anſwers exceedingly well; but the difficulty of 
conſtructing and of preſerving it, added to the frequent uncer- 
tainty of the reſult (it being difficult to ſay, whether in cer- 
tain caſes the electricity obtained comes from the inſtrument 
itſelf, or from the ſubſtance in queſtion) have occaſioned its 


: being little, if at all, uſed by thoſe who ſtudy the . of 


electricity. 
Mr. BxNNET's 8 which is deferived - in Volume 
LXXVII. of the Philoſophical Tranſactions, was alſo in- 


1 tended to manifeſt ſmall, and otherwiſe unperceivable, quan- 


tities of electricity; but from the experiments and obſervations, 
which I had the honour of laying before the Koyal Society in 


November laſt, it ſeems to be clearly ſhewn, that this dau- 
bler 
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dler cannot be of any uſe, on account of its being naturally 
always electrified. 15 

In the ſame Paper of laſt November, 1 Ekewifo ſhortly men- 
tioned a method which I had uſed for collecting diffuſed quan» 
tities of electricity. Since that time, I have improved the 
method ; and, after ſeveral alterations, have conſtructed an in- 
ſtrument for the purpoſe, which, to all my friends who are 


converſant in electricity, as well as to myſelf, ſeems to be free | 
from all thoſe faults which render M. VoLTa's and Mr. BEN- 


NnET's inſtruments of little, if at all of any uſe. It ſeems, 
therefore, that the following deſcription of this new inſtru- 
ment may be of uſe to thoſe who are porſung electrical expe- 
riments and inveſtigations. „ 5 
The properties of this machine, bien from; its ; office may 
be called à collector of electricity, are, firſt, that when connected 
with the atmoſphere, the rain, or in ſhort with any body 
which. produces electricity ſlowly, or which contains that 
power in a very rarefied manner, it-colle&s the electricity, and 
_ afterwards renders both the preſence and quality of it manifeſt, 
by communicating it to an electrometer. Secondly, This col- 
lecting power, by increaſing the ſize of the inſtrument, and 
eſpecially by uſing a ſecond or ſmaller inſtrument of the like 
fort to collect the electricity from the former, may be aug- 
mented to any degree. Thirdly, It i 18 conſtructed, managed, 
and preſerved with eaſe and certainty; and it never gives, nor 
can it give, an equivocal reſult, as I have proved experimen- 
tally, and as will appear by conſidering its conſtruction. 
The annexed drawing exhibits two perſpective views of this 
collector. F. ig. 1. (Tab. IV.) thews the inſtrument in the ſtate 
of collecting the electricity; and fig. 2. ſhews it in the ſtate in 
which the collected electricity is to be rendered manifeſt. An 
electrometer 


lee bg. e 5 
| Gekrrotbetet is annexed to each. The letters of reference indi- 
date the ſame parts in both figures. 

ABCD is a flat tin plate, thirteen eber long and eight 
inches broad; to the two ſhorter ſides of which are ſoldered 
two tin tubes AD and BC, which are open at both ends. DE 
and CF are two glaſs ſticks covered with ſealing wax by means 
of heat, and not by diffolving the ſealing wax in ſpirits. They 
are cemented into the lower apertures of the tin tubes, and 

alſo in the wooden bottom of the frame or machine at E and 

F, fo that the tin plate ABCD is ſupported by thoſe glaſs 
ſticks in a vertical poſition, and is exceedingly well inſulated. 
 GHILKM and NOPY are two frames of wood, which being 
faſtened to the bottom boards, by means of braſs hinges, may 
be placed ſo as to ſtand in an upright poſition and parallel to the 
tin plate, as ſhewn in fig. 1. or they may be opened, and laid 


0 
* "IN 
* 4 


* the table which ſupports the inſtrument, as ſhewn in fig. 


The inward ſurfaces of thoſe frames from their middle 
wo is covered with gilt paper XY; but it would be better 
to cover them with tin plates, hammered very flat. When 
the lateral frames ſtand ſtraight up, they do not touch the tin 
plate; but they ſtand at about one-fifth part of an inch aſunder. 

They are alſo a little ſhorter than the tin plate, in order that 
they might not touch the tin tubes AD, BC. In the middle of 
the upper part of each lateral frame 1s a fmall flat piece of 
wood 8 and T, with a braſs hook ; the uſe of which 1s to hold 
up the frames without the danger of their falling down when 
not required, and at the fame time it prevents their coming 
' nearer to the tin plate than the proper limit. It is evident, that 
when the inſtrument ſtands as ſhewn in fig. 1. the gilt ſurface 
of the paper XY, which covers the inſide of the 5 frames, 


ſtands contiguous and parallel to the tin plate. 
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Mr: cee 8 Detripuimsf « ” 2 IN 
" When the inſtrument is to be uſed, it muſt be placed upon 


A V table, a window, or other convenient ſupport, a bottle elec- 
trometer is placed near it, and is connected, by means of a 
wire, with one of the tin tubes AD, BC and by another 
conducting communication the tin plate muſt be connected 
with the eleArified ſubſtance, the electricity of which is re- 
quired to be collected on the plate ABCD: thus, for inſtance, | 
if it be required to collect the electricity of the rain, or of the 
air, the inſtrument being placed near a window, a long wire 
muſt be put with one extremity into the aperture A or B of 


one of the tin tubes, and with the other extremity projecting 


out of the window. If it be required to collect the electricity 
produced by evaporation, a ſmall tin pan, having a wire or 
foot of about ſix inches in length, muſt be put upon one of 25 
the tin tubes, ſo that the Wire going into the tube the pan may 
ſtand about two or three inches above the inſtrument. A 
lighted coal is then put into the pan, and a few drops of wa- 
ter poured upon it will produce the deſired effect. Thus far 
may ſuffice with reſpect to the mechanical deſeription of the 
inſtrument: the power and uſe of it will be made apparent by 
the following experiments. 


Exp. 1. Communicate to the tin plate ABCD a quantity of 
electricity, for inſtance, as much as would very ſenſibly affect 


a common cork-ball electrometer; then, if the lateral frames 


GHM, NOP, ſtand upright, as in fig. 1. the electrometer W 


will ſhew no divergency; but if the frames are opened and 
let down, as in fig. 2. the balls of the electrometer W will 


immediately repel each other, and by the approach of an ex- 
cited piece of ſealing-wax, the quality of the electricity may 


be eaſily aſcertained after the uſual manner. Put up the lateral 
frames again, and the electricity will apparently vaniſh ;—let 
them down, and the electricity will re-appear, and ſo on. 


It 


) — 
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- $5.48 "9, * yew. „ Blies N 5 259 | 
kd 6 If you touch any part of the tin plate or tin 8 with your 
-- finger, the electricity is thereby intirely removed, and that 
will be the caſe whether the lateral frames are up or down. 
Exr. 11. Take an extended piece ot tinfoil, about four yards 
ſquare, and, holding it by a ſilk thread, electrify it 10 weakly 
as not to be capable of affecting an electrometer; then bring it 
in contact with the tin plate of the collector, whilſt the late - 
ral frames are up. This done, remove the tin-foil, let down 
the lateral frames one after the other, and on doing this, the 
electrometer W will immediately manifeſt a confiderable degree 
of electricity. But if the electrometer were to ſhew no ſenfi« 
ble degree of electricity, a ſmaller collector, viz. one having a 
tin plate of about four ſquare inches, muſt be brought into 
contact with the tin plate of the large collector, whilſt the 
lateral frames of the latter only are down; and then the 
ſmall collector being removed from the large one, its lateral 
frames are opened, and its tin plate is preſented to an electro- 
meter, which will thereby be electriſied to a much greater de- 
gree than the electrometer W was by the large collector. 
Exx. 111. Let a common cork-ball 88 be faſtened to an 
s conductor, having about two or three ſquare feet of 
ſurface, and communicate to it ſuch a quantity of electricity as 
may be ſufficient to let the balls of the electrometer ſtand at 
about one inch aſunder. In this ſtate bring the conductor in 
contact with the tin plate of the collector for a very ſhort time, 
and it will be found, that the balls of its electrometer will im- 
mediately approach and touch each other, ſhewing that the 
electricity of the conductor is gone to the plate of the col- 
lector; and, in fact, if you let down the lateral frames, the 
balls of the electrometer W will immediately repel each other 
to a very great degree. 
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quantity which it can either collect or retain ' when thoſe ſur» 


greater being the collecting power; 2dly, on the ſize of the : 
inſtrument; and, 3dly, on the quantity of electricity of: 3 „ 
ſeſſed by the doay from which it muſt be collected or taken 


my 


electrical experiments; namely, that a body has a much greater 


: tainty of its operation, 


tain a vaſt quantity of electricity, when the conducting — * q 
of the lateral frames are contiguous to it, in compariſon to that | 


faces are removed from its vicinity. | 
The quantity of electricity, which the tin pits ABCD i is 
capable of collecting, principally depends on three circum- 
ſtances, vi. iſt, on the diſtance between the tin plate and bs! 
conduCting lateral ſurfaces; the ſmaller that diſtance is, the 


I need not . on the cinciglea upon which the 2 don 4 


of this inſtrument depends; this being the ſame as that of the 


electrophorus, of M. VoLTa's condenſer, and of many other 


capacity for holding electricity when its ſurface is contiguous 


do a conductor which can eaſily acquire the contrary electricity, +; 
than when it ſtands not in that ſituation. 


1 ſhall laſtly add, that having actually uſed this new ha 


ment 1 in ſeveral experiments, I have found it to anſwer perfectly 8 


well; one of its principal recommendations being the cer- 


ments, that the tin ys of this 1 can colled * re. a ; 
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XVII. On the ane of a Mixture TP depblogiſticated * 
pbligiſticated Air into nitrous Acid, by the electrie 3 By 
* Cavendiſh, EV. F. R. S. and A. S. 


Read April 17, 1788. 


IN Volume IXXV. of the Philoſophical Tranfaftions, *% 
372. I related an experiment, which ſhewed, that by 
paſſing repeated electric ſparks through a mixture of atmo» 
ſpheric and dephlogiſticated air, confined in a bent glaſs tube 
buy columns of ſoap-lees and quickſilver, the air was converted 
into nitrous acid, which united to the ſoap-lees and formed 
nitre. But as this experiment has ſince been tried by ſome per- 4 
ſons of diſtinguiſhed ability in ſuch purſuits without ſucceſs, {4 
I thought it right to take ſome meaſures to authenticate the 4 
truth of it. For this purpoſe, I requeſted Mr. G1LPIN, Clerk 
of the Royal Society, to repeat the experiment, and deſired 
ſome of the Gentlemen moſt converſant with theſe ſubjects to 
be preſent at putting the materials together, and at the exa- 
mination of the produce. 
This laborious experiment Mr. GIL I x was ſo good as to 
undertake. It was performed in the ſame manner, and with 
the ſame apparatus, which was uſed in my own experiments, 
and which is deſcribed in the beginning of the above- men · 
tioned Paper, and is accompanied with a drawing. The 
1 method 
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method uſed for introducing air into the bent tube, was 


air. 


9 2 » * * 
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that deſcribed in the laft paragraph of p. 373. in that 


Paper, by means of the apparatus repreſented in fig. 3. or 
the reſeryoir,. as. I ſhall call it. The ſoap-lees, like thoſe 


of my own experiments, were prepared from falt of tartar, 
and were of ſuch ſtrength as to yield ½ of their weight 
of nitre when ſaturated with nitrous acid. The dephlo- 
giſticated air was prepared from turbith mineral, and ſeemed 
by the nitrous teſt to contain | about x 1 = of — 


on December 6, A -87, in the preſence | of Sir Joszen 


 Banxs, Dr. BLAcDen, Dr. DoLLyvss, Dr. ForDYcE, Dr. 


JL HuoxrER, and Mr. Macs, the materials were put toge- 
ther. The quantity of ſoap-lees, introduced into the Was 


tube, was 180 meaſures, each of which contained one grain 


of quickſilver ; and, as the bore of the tube was rather more 


than one-third of an inch i in diameter, it formed a column of 
five or ſix-tenths of an inch in length, which, by the intro- 


duction of the air, was divided into two parts, one reſting on 


. the quiekſilver in one leg of the tube, and the other on that in 
the other leg. The dephlogiſticated air was mixed with one- 


third part of its bulk of atmoſpheric air of the room in a ſepa- 


rate jar, and the reſervoir was filled with the mixture and 


from thence Mr. GiLyIx, as occaſion required, forced air into 
the bent tube, to ſupply the place of that abſorbed * means 


of the electric ſ park. 


From what has been faid, it appears, that the mixture em- 
ployed contained a leſs proportion of common air than that 
uſed in either of my experiments; This made it neceflary for 


Mr, GILPIN now and then to introduce fome common air by 
means 
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means of the bent tube repreſented in fig. 3. of the above- 
mentioned Paper, whenever from the ſlowneſs of the abſorp- 
tion he thought there was too ſmall a proportion of . | 
cated air in the tube. 
My reaſon for this manner of proceeding was, that as my 
firſt experiment ſeemed to ſhew, that the dephlogiſticated air 
_ ought to be in a rather greater proportion to the phlogiſticated 
than the latter did, I was ſomewhat uncertain as to the pro- 
per quantities, and doubted whether I could proportion them 
in ſuch manner as that it ſhould not be neceſſary, during the 
courſe of the experiment, to add either dephlogiſticated BY 
common air. I therefore mixed the airs in ſuch proportion, 
that I was ſure there could be no occaſion to add the former; 
ſince it was much eaſier, as well as more unexceptionable, to 
add common air than dephlogiſticated air. 
On December 24, as the air in the reſervoir was fe all 
uſed, this apparatus was again filled in the preſence of moſt of 
the above-mentioned Gentlemen, with a mixture of the ſame 
dephlogiſticated air and common air, in the ſame proportions 
as before; and the ſame thing was repeated on January 19. 
On January 23, the bent tube was, by accident, raiſed out 
of one of the glaſſes of mercury into which it was inverted, 
by which it was filled with air, and a good deal of the ſoap-lees 
were loſt; there, however, was enough remaining for exami- 
nation. 
On January 28, and 29, the —— of this experiment 
was examined in the preſence of Sir Josey Banks, Dr. 
r Dr. DoLLruss, Dr. Foxpyce, Dr. HeBERDEN, 
Dr. J. Hux TER, Mr. Maciz, and Dr. Warsox. It appeared 
* 9290 meaſures of the mixed air had been forced into the 
bent 


1 * #46" a — — — as] — 
. * 


riments ſeemed neceſſary for this quantity of ſoap - lees. 


the reſervoir, as mentioned in the above- mentioned Paper, p. 374. 
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bent tube from the reſervoir x. Beſides this, Mr. Grm. had 


at different times introduced 072 meaſures. of common air, 


which makes in all 10162 of air, conſiſting of 6968 of de- 
phlogiſticated air, and 3194 of common air. But as there 


were 900 meaſures of air remaining in the tube when the 


accident happened, the quantity abſorbed was only 9262 ; but 
this is a much greater quantity that what from my own expe- 


The ſoap-lees were poured into a ſmall glaſs cup, and the 


tube waſhed with a little diſtilled water, in order that as little 
as poſſible might be loſt. As they were by this means conſi- 
derably diluted, they were evaporated to dryneſs; but it was 
difficult to eſtimate the quantity of the ſaline reſiduum, as it 
Was mixed with a few particles of mercury. 


Some vitriolic acid, dropped on a little of this reſiduum, 
yielded a ſmell of nitrous acid, the ſame as when dropped on 


nitre phlogiſticated by expoſure to the fire in a covered cruci- 
ble; but it was thought leſs ſtrong. The remainder was diſ- 


ſolved i in a ſmall quantity of diſtilled water, and the following 


experiments were tried with the ſolution. 


It did not at all diſcolour paper tinged with the . of blue 


flowers. 
It left a nantes wet in the ch like Aten of mer- 


cury, and moſt other metallic ſubſtances. 


Paper dipped into it, and dried, burnt with ſome appearance of 
deflagration, but not ſo ſtrongly or uniformly as when dipped 
in a ſolution of nitre. The marks of deflagration, however, 
were ſtronger than when the Paper was dipped into a ſolution 


The method of aſcertaining the quantity of air forced in was by weighing 


of 


1 
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of mercury in ſpirit of nitre, but not ſo ſtrong as when equal 


parts of this ſolution and ſolution of nitre were uſed. 


A ſolution of fixed vegetable alkali, dropped into ſome of it 
diluted, produced a flight reddiſh- brown precipitate, which. 
afterwards aſſumed a greeniſh colour. 

A bit of bright copper being dipped into it, acquired an 


evident whitiſh colour, though not ſo white as when dipped 
1 into the ſolution of mercury in ſpirit of nitre. 


From theſe experiments it appears, that the mixture of the two 
airs, was actually converted into nitrous acid, only the experi- 
ment was continued too long, ſo that the quantity of air abſorbed 


was greater than in my experiments, and the acid produced 
was ſufficient, not only to ſaturate the ſoap-lees, but alſo to 
diflolve ſome of the mercury. The truth of the latter part is 


proved by the metallic taſte of the refiduum, its not diſcolour- 


ing the blue paper, the precipitate formed by the addition of fixed. 


alkali, and the white colour given to the copper; and the nitrous 
fumes produced by the addition of oil of vitriol, as well as the. 


manner in which paper impregnated with the reſiduum burnt, . 
ſhew as plainly, that the acid produced was of the nitrous. 
kind. It is remarkable, however, that during this experi- 
ment there were no ſigns which ſhewed when the ſoap-lees 


became ſaturated. The only time when the diminution proceeded 


much ſlower than uſual was on January 4. It then ſeemed 
to go on very flowly ; but as the air abſorbed at that time was 


only 4830 meaſures, which is much leſs than what ſeems re- 


quiſite to ſaturate the alkali, and as the diminution imme- 


diately went on again upon adding more common air, it ſeems. 
not likely, that the ſoap-lees were ſaturated at that time. 
On January 10, Mr. GILeIN obſerved a ſmall quantity of 


whitiſh ſediment on the ſurface of the mercury ; which ſeems 
| aa 


4 
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to ſhew, that the ſoap-lees were then ſaturated, and that the 
acid was beginning to corrode the mercury. The quantity of 
air abſorbed was alſo 6840 meaſures, which is about as much 
as I expected would be required. However, as I was perſuaded, 
from the event of my own experiments, that the diminution 
would either intirely ceaſe, or go on very ſlowly, as ſoon as 
the ſoap-lees were ſaturated ; and as I was unwilling to ſtop 
the experiments before that IT I thought it beſt to con- 

tinue the electrification. 8 Fes 
On the ſame morning Mr. G Gil eix found, that a 
meaſures of the air in the bent tube had been ſpontaneouſly 
abſorbed during the night, the quantity therein being fo much 
leſs than it was the preceding evening, though the electrical 
machine had not been worked, or any thing done to 1t during 
the intermediate time. The reaſon of this in all probability 
is, that as the acid was then corroding the mercury, the ſoap- 
lees became impregnated with nitrous air, which, during the 
night, united to the anf air, and cauſed the dimi- 
nution. 
Though in reality the event of this experiment was ſuch as 
to eſtabliſh the truth of my Poſition, that the mixture of de- 
Phlogiſticated and phlogiſticated air is converted by the electric 
ſpark into nitrous acid, as fully as if the experiment had been 
ſtopped in proper time; yet, as the event was in ſome mea- 
ſure different from that of my own experiments, and might 
afford room for cavil, I was defirous of having it repeated ; 
and as Mr. GILrIxN was ſo obliging as to undertake it again, 
the materials were, on February 11. put together for a freſh 
experiment, in the preſence of moſt of the above-mentioned Gen- 
tlemen. The ſoap-4ees employed were the fame as before, but 
183 meaſures were now introduced. The dephlogiſtcated air was 
different, 
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different, the former parcel being all uſed.” It was prepared, 


like the former, from turbith mineral, but was rather purer, 
as it ſeemed to. contain only of phlogiſticated air. The 


proportion in which it was mixed with common air was that of 


22 to 10; ſo that a greater proportion of common air was 
now uſed, in conſequence of which it was not neceſſary for 


Mr. GiILPIN to introduce common air ſo often. 


On February 29, the reſervoir was again filled with air of 
the ſame kind, in preſence of ſome of the ſame Gentlemen. 


As it was found by the laſt experiment that we muſt not de- 
pend on the ſaturation of the ſoap-lees being made known by 
any alteration in the rate of diminution, the proceſs was 


ſtopped as ſoon as the air abſorbed was ſuch as from my own 


experiments I judged ſufficient to neutralize the ſoap-lees- 
This was effected on the 15th of March. The air remaining 
in the tube, when Mr. GiLriN left off working, was 600 
| meaſures ; - but at the time the produce was examined, it was 
reduced to about 1 20, ſo much having been abſorbed without 
the help of any electrification, which is a ſtill more remarka- 
ble inſtance of ſpontaneous abſorption than what occurred in 
the former experiment. 
gan, a black film was formed in one of the legs, which, I 


A few days after the experiment be- 


ſoppole, muſt have been a mercurial ethiops; but whether 


owing to ſome ſmall degree of foulneſs i in the mercury or tube, 
or to any other cauſe, I cannot tell. This foulneſs ſeemed not 
to increaſe; but on March 10, when the air abſorbed was 
about 5200, a whitiſh ſediment began to appear on the ſurface 
of the mercury. 


On March 19, the produce was examined i in the preſence of 


Dr. BLAG DEX, Dr. Dol. Lruss, Dr. F ORDYCE, Dr. HEBER- 


DEN, Dr. J. HUNTER, Mr. Macliz, and Dr. WATSON. 
VoL. LXXVIII. O0 _- The 


— 
- Aves * 
5 5 gt 


moo : = Cavanonen' s Ear" EY 
The mixed air forted into the bent tube from the reſervoir was 
66 50 meaſures, beſides which Mr. Girrix had at different 
times introduced 630 of common air, which makes in all 
7280, containing 4570 of 3 Ln * of com- 
mon air. 
| The ſoap- lees were evaporated to ae as b The 
reſiduum weighed two grains, but there were tro or three glo- 
bules of mercury mixed with it, which might very likely weigh 
half a grain. This being diſſolyed in a ſmall quantity of water, 
the following experiments were made with it. 
It did not at all diſcolour paper tinged with blue flowers. 
Slips of paper were dipped-into it, and dried; and, by way 
of compariſon, other flips of paper were dipped into a ſolu- 
tion both of common nitre- and phlogiſticated nitre, and alſo. f 
dried. The former burnt in the ſame manner, and with a8. 
ſtrong marks of deflagration, as the latter. 
It had a ſtrong taſte of © tees 1 but left alſo a fight metallic 
taſte on the tongue. 
It did not give any white colour to a piece of clean copper 
put into it. 
In order to ſee e the whit tiſh Ai which was. 
before ſaid to be formed in the bent tube, contained any mer- 
cury, the remainder of this ſolution was diluted with ſome 
more diſtilled. water, and ſuffered to ſtand till the white ſedi- 
ment had ſubſided. The clear liquor being then poured off, 
the remainder, containing the ſediment, which ſeemed to 
amount only to + very ſmall quantity, was put on a piece 
of bright copper, and dried upon it; a piece of clean gold was. 
then laid over it, and both were expoſed to heat. Both metals 
acquired a whitiſh: colour, eſpecially the gold, but which was. 
very indeterminate. 
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* 1 * u l 289. 
m ber to diſcover how nice a teſt of deln che vilper | 
hin with blue flowers wr a ſaturated ſolution of com- 
mon nitre was mixed with 2 of its bulk of the ſoap-lees ; 
and this mixture was found to turn the paper evidently | 
ſo that, as the ſolution of nitre contains about twice as much 
alkali as the PIG it appears, that if the reſiduum had 
wanted only .,z; part of being ſaturated, it would have diſco- 
loured the paper. 
From the foregoing trials -it appears, that the mixture of 
dephlogiſticated and common air in this experiment was actually 
converted into nitrous acid, and was ſufficient not only to ſa - 
turate the ſoap-lees, but alſo to diſſolve ſome of the mercury. 
The quantity diſſolved, however, was very ſmall, and not ſuf- 
ficient to diminiſh ſenſibly the deflagrating quality of the ni- 
tre; ſo that the proof of the air being converted into ni- 
trous acid was as evident as if no mercury had been diſſolved. 
In this experiment, as well as the former, no indication of 
the ſoap-lees becoming ſaturated was afforded by any ceflation 


in the diminution of the air; whereas, in my experiments, it 


was very manifeſt. 1 do not know what this difference ſhould 


be owing to, except to Mr. GiLrix's giving much ſtronger 


electrical ſparks than I did. In his experiments the metallic 
knob which received the ſpark, and conveyed it to the bent 

tube, was uſually placed at about 24 inches from the con- 
ductor, ſo that the ſpark jumped through 24 inches of air, in 
paſſing from the conductor to the knob, beſides from 14 to 21 
inches of air in the tube; whereas in my experiments, I be- 
lieve, the knob was never placed at the diſtance of more than 
11 inch from the conductor, and the quantity of air in the 
tube was much leſs; but the conductor and electrical machine 


were the ſame. 
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"Except this, the only difference 1 in 8 anner of I 
conducting the experiment is, firſt, that Mr. Gil IN uſually 


continued working the machine for half an hour at a time, 
whereas I ſeldom worked it more than ten minutes; and, ſe- 
* condly, that in Mr. GiLPIN's Experiments the common air in 


the reſervoir bore a leſs proportion to the dephlogiſticated air 


than i in mine; in conſequence of which it was neceſſary for 


him frequently to introduce common air. On this accgunt, 


the proportion of the two airs in the bent tube would be conſi- 
derably different at different times; but 'on the whole, the 
common air abſorbed bore a * proportion to the __ 
piſticarcd than in mine. 


Though the whole quantity of air abſorbed in theſe ex- 


8 periments is known with conſiderable preciſion, yet it is 
impoſſible to determine, with any accuracy, how much of 
each kind was abſorbed, on account of our uncertainty 


about the nature of the air which remained at the end of 


the experiment. But if in the laſt experiment we ſuppoſe 
that the air abſorbed ſpontaneouſly between the 1 5th and 
19th. of March was intirely dephlogiſticated, and that what. 
remained at the end of that time was of the purity of com- 
mon air, it will appear, that 4090 of dephlogiſticated and. 
2588 of common air, which is equivalent to 4480 of pure 


dephlogiſticated air and 2198 of phlogiſticated air, were ab- 
ſorbed at the time the electrification was ſtopped, and conſe- 


quently the dephlogiſticated air is 324 of the phlogiſticated. 


QQ. 
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air; whereas in my firſt experiment it ſeemed to be 745, and 


in. my la 1 85 
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But the quantity of acid produced, and conſequently, 5 


poſe, the ſaturation of the ſoap-lees, depends only on the quan- 


tity of phlogiſticated air abſorbed; and the effect of the greater 


or leſs quantity of dephlogiſticated ai air is only to make the 
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nitre ie more or leſs phlogiſticated. Now, in | this expe- 
riment, the bulk of the phlogiſticated air was 12 5 that of 


the ſoap - lees. In _ firſt experiment it was 112, and in my 
laſt 10 f. 


As many perſons ſeem to have ſuppoſed that the dimindtion 
of the air in theſe experiments is much quicker than it really 
is, though I do not know any thing in my Paper which ſhould 


lead to ſuppoſe that it was not very flow, it may be proper to 
 fay ſomething on this head. As the quickneſs of the diminu» 


tion depends ſo much on the power of the electrical machine, 
I can only ſpeak. as to what happens with the machine uſed in 


theſe experiments. This was one of Mr. NAlRNE's patent. 
machines, the cylinder of which i 18. 124 inches long, and 7 


in diameter. A conductor of 5 feet long, and 6 inches in 


diameter, was adapted to it, and the ball which received the 


ſpark was placed at two or three inches from another ball, 


fixed to the end of the conductor. Now, when the machine 


worked well, Mr. GiLrix ſuppoſes: he got about two or three 


hundred ſparks a minute, and the diminution of the air during 
the half hour which he continued working at a time, varied 


in general from 40 to 120 meaſures, but was uſually greateſt 
when there was moſt air in the tube, provided the quantity 


was not ſo great as to prevent the ſpark. from paſſing readily. 


The only perſons I know of, who have endeavoured. to re- 
peat this experiment, are, M. Van Marvum, aſſiſted by M. 
PaeTs Van TrooTswYk ; M. LavoigtsR, in conjunction 


with M. HassENFRATZ; 7 M. Moxes. I am not acquainted 


with the method which the three latter Gentlemen employed, 
and am at a loſs to conceive what could prevent ſuch able phi- 
loſophers from ſucceeding, except want of patience. But M. 
Van Maru, in his Premiere Continuation des Experiences, 
fates) 
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deſcribed the method employed by him and M. Van TRoors- 
rk. They uſed a glaſs tube, the upper end of which was 
ſtopped by cork, through which an iron wire was paſſed, and ſe- 
cured by cement, and the lower end was immerſed i into mercury; 
ſo that the electric ſpark paſſed from the iron wire to the ſoap- 
lees. After ſo much of a mixture of five parts of dephlogiſti- | 
cated and three of common air as was equal to twenty-one 
times the bulk of the ſoap-lees * was abſorbed, ſome paper was 
moiſtened with the alkali, which by its burning appeared to 
contain nitre, but ſhewed that the alkali was not near ſatu- 
rated. The experiment was then continued with the ſame 
ſoap-lees till more of the air, equal to fifty-fix times the bulk 
bf the ſoap-lees, was abſorbed, which is near double the quan- 
tity required to ſaturate them ; but yet the diminution went 
on as faſt as ever. It was then tried, by the burning of paper 
dipped into them, how nearly they were ſaturated: but they 
ſtill ſeemed far from being ſo. 
The circumſtance of uſing the iron wire appears evidently 
objectionable, on account of the danger of the iron wire being 
calcined by the electric ſpark, and abſorbing the dephlogiſti- 
cated air; and when I firſt read the account, I thought this 
the moſt probable cauſe of the difference in the reſult of our 
experiments; but I am now inclined to think that the caſe 
was otherwiſe. From the manner in which M. Van MARUM 
expreſſes himſelf, it ſeems that the only circumſtance, from 
which they concluded that the alkali was not ſaturated, was 
the imperfect marks of deflagration, that the paper dipped into 
it exhibited in burning; which, as we have ſeen, might pro- 
ceed as well from ſome of the mercury having been diffolved 


* This is rather more than half of that requiſite to ſaturate the ſoup-lees. 


as 


as 


towards the end of the experiment would have been filled 
chiefly with phlogiſticated air,, which would have made the 


that the apparent diſagreement between their experiment and 
mine proceeded only from their having continued the proceſs. 
too long, and from their not having properly examined the: 


“ formee par Vagitation du mercure avec le plomb, dont M. 
06 CAVENDISH ne donne pas la. maniere de le produire *, je le 
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as from the alkali not being ſaturated. I am much inclined to 
think, therefore, that, ſo far from the ſoap-lees not having 
been faturated, the quantity of acid produced was in reality 
much more than ſufficient for this purpoſe, and had diffolved 
a good deal of the mercury; for the quantity of air abſorbed 


favours this opinion, and the phænomena agree well with Mr. 
GiLeIN' s firſt, experiment, in which this was certainly the 


i caſe; whereas, if the diminution had proceeded chiefly from 


the dephlogiſticated air being abſorbed by the iron, the tube 


diminution proceed much flower than before; but we are told, 
that it went on as faſt as ever. It is moſt likely, therefore, 


produce. 
M. Van MarvuM then = proceeds to fp! * Surpris de cette 


ec difference de reſultat jenvoyai une deſcription exacte de nos 
* experiences à M. CAvExDISR, le priant en mème tems de m' in- 


6 


ſtruire $i} pourroit trouver la cauſe de cette difference; et 


comme la ſeule difference effentielle, par laquelle notre expẽ- 
( 


* 


rience differoit de celle de M. CAVENDISH, confiſtoit en ce que 


nous avons employẽ de l'air pur produit du precipite rouge ou: 


4% du minium, au lieu de Pair pur produit de la poudre noire 


% priaj.. 


The ufing the iron wire formed a material difference in our manner of 
conducting the experiment, and one which may, perhaps, have had great 
influence on the reſult; but I do not ſee how the uſing ſome other kind of 
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274 Mr. Cube! Experiments on the 
« priai de me communiquer de quelle maniere il Etoit venu 4 
«cet air, parceque je deſirois de repeter experience avec ce 
« mEme air: mais comme il ne m'a fourni aucune Elucidation 
* ſur la cauſe vraiſemblable de la difference du reſultat de nos 
68, experiences, et qu'il ne lui a pas plu de me communiquer ſa 
% maniere de produire Fair pur qu'il avoit employe pour ſes ex- 
« periences, m'ëcrivant, qu'il s 'etoit propoſe d'en patter dans un 
« Ecrit public, la longueur ennuyante de ces experiences nous 
4 a fait prendre la reſolution de differer leur continuation, pour 
« obtenir une parfaite ſaturation de la leflive, juſqu'a ce que M. 
«6 CAvENDISH ait public fa maniere de produire Pair pur, dont il 
« Feſt ſervi, nous contentant pour le preſent d'avoir vu, que 
union du principe d air pur et de la mofette inn de Vacide 
« * nitreux, ſuivant la decouverte de M. Cavenpisn.” 
As I ſhould be ſorry to be thought to have refuſed any ne- 
| ecflary information to a Gentleman who was deſirous to repeat 
one of my experiments, and who by his ſituation was able to 
do it with leſs trouble than any one elſe, I hope the Society 
will indulge me in adding a copy of my anſwer, that they 
may Judge whether this 1 is in any _ a fair repreſentation 


of it. 


Ee Gate retubag 


8 1 R, 


« ] received the honour of your letter, in which you inform 
„me of your ill ſucceſs in trying my experiment on the con- 


dephlogiſticated air, inſtead of that prepared from Dr. PRIEsTLEV's black pow- 

der, can in the leaſt degree form an eſſential difference, as in the ſame para- 
graph in which I mention my having uſed this kind of air in my firſt experi- 
ment, I ſay, that in my ſecond experiment 1 uſed air prepared from turbith 
mineral, 
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& from the bellows may bes | 5186 
4 uſed to change the a Ws, to ſuck it out by means of an 
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very difficult to gueſs why an experiment does not ſucceed, 


r wiſeſs one is preſent and fees it tried ; but if you intend to 
9 repeat t the experiment, your beſt way will be to try it with 
* the fame kind of apparatus that J deſcribed in that Paper. 
« If you do ſo, and obſerve. the precautions there mentioned, I 
4e flatter myſelf you' will find it ſucceed, The apparatus you 
« uſe ſeems objectionable, on account of the danger of the 


being corroded by abſorbing the dephlogiſticated air.” 


- « As to the dephlogiſticated air procured from the black 
« powder formed by agitating mercury mixed with lead, as 
“e it was foreign to the ſubjeft of the Paper, and as I propoſed 


to ſpeak of it in another place, I did not deſcribe my me- 
4 Abel of procuring it. As far as I can perceive, the ſucceſs 
« depends intirely on carefully avoiding every thing by which 
6 the powder | Can abſorb fixed ai air, or become mixed with par- 5 


Mm 4 45 Ty » rub 


ck reaſon care ſhcüld be taken not to 
telt id Whick ie ercury ! 1s ſhaken, 

6e by breathing f into: 55 a e Vaigs TEEY- did, or even by 

4e blowing into x # bellows, r chte ſome of the duſt 

5 into it. The method which 


66 air-pump, through a tube which entered into the bottle, 


and did not fill up the mouth ſo cloſe but what air could 


« enter in from without, to ſupply the place of that drawn | 
« out through the tube. 


« ] am, &c.” 


With regard t to the main experiment, it was not in umi power 
to give him further information than I did; as I pointed out 


Vor. LXXVII. Pp the 


3 "I | 6 
« — of air into nitrous acid by the leckte 1 0. It is 


3 N 7.4 


wa $67 


* 8 


Sh ————_ — 


f 2 
— — 


— 


_— 


276. eriment 5 
the 3 circumſtance. to 9 at that time, 1 could attri- 
bute the difference. in our reſults. And with regard to the 
manner of preparing the dephlogiſticated air from the bla 
powder, I have mentioned all the particulars, in which my 
manner of proceeding differed. from Dr. . PrxIesTLEY's,. and 
have alſo explained on what I imagine the ſucceſs intirely de- 


1 


pends; ſo that, 1 believe, no one at all converſant in this kind 


of experiments will think that I did. not communicate to. hi 
my method of Procuring METS ͤ & REY 


. 


12 


* produce upon the property of water to be cooled below 
the freezing Point“, naturally led me to a more particular conſi- 
deration of the power of ſuch admixtures in making water 
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= XVII. Experiments on the Effet of various Subſtances in hwer- 


ing the Point of Congelation in W ater. By Charles * 
M. D. Sec. R. S. and F. A. S. 


Read April 24, 1788. 


"HE experiments which were neceſſary, i in order to deter- 
mine what effect the admixture of various ſubſtances 


require a greater degree of cold before it congeals. Many cu- 


rious queſtions occurred on this fubject, which could only be 


anſwered by freſh experiments. Theſe were made nearly in 


the fame manner as the preceding ; that is, the liquor, whoſe 
freezing point I meant to try, was put into a glaſs tumbler, 
to the height of two or three inches above the bottom, and 
the tumbler was then immerſed i in a frigorific mixture of com- 
mon falt and ice or ſnow. As the object was ſeldom to 
cool the liquor as much as poſſible below its freezing point, the 
operation required no particular care, but the frigorific mix- 
ture was commonly permitted to act with its full force: 


wherefore, ſome parts of the liquor were often much colder 
than others; and particularly, near the top, a thermometer 


would uſually ſtand ſeveral degrees higher than toward the 


bottom, becaufe the ſurface was conſtantly warmed by the air 
of the room. 


* See p. 125. of this Volume. 5 2 
Do © : 


which equal additions of the ſame ſubſtance depreſs the freez- 


278 De Br.acpen's Experiments « on 
My firſt object of inveſtigation was the ratio: according to 


ing point. 1 began with common ſalt; and in order to avoid 
as much as poffible a fallacy in the experiments. becauſe the 
ordinary falt is never pure, and often not perfectly neutral, I 
choſe ſome clean ſalt, in fair cryſtals, which is ſold in London 
under the name of Borrowſtounneſs pure ſalt. This ſalt I 
diſſol ved in diſtilled water, in various proportions, and found 
the correſ] ponding points of congelation to be as is expreſſed i in 
the annexed table; where the firſt column indicates the num 
ber of parts and decimals of water to one part of the ſalt, and 
the ſecond column ſhews the freezing point found by the expe- 
riment. It appeared clearly, 0 on comparing the proportions of 
Water to ſalt, with the correſponding number of degrees which 
the freezing point was reduced below 32, that the effect of 
the ſalt was nearly in a ſimple ratio; namely, that if the ad- 
dition of a tenth part of ſalt to the water ſunk the freezing 
point about 11 degrees, or to 215, it would be depreſſed dou- 
ble that quantity, or to 105 nearly, when a fifth part of ſalt 
was diflolyed in the water. To ſhew, therefore, how far this 
| fimple proportion is exact, I have added a third column to che 
table, which 18 made by ſelecting the loweſt freezing point 
that Was, obtained without ambiguity in the experiment, and 
calculating, by a fimple inyerfe proportion, what all the other 
points ſhould have been according to that ratio. Thus when 3 
fourth part of its weight of common ſalt was diſſolved in wa- 
ter, I found the freezing point « of the liquor to be 45 there» 
tore, to determine what it ſhould be when only 2: part of 
falt was added to the water, the formula is 32: 4 :: 28 (the 
number of degrees that the point 4* is below the freezing 
point of ue water): ELF ; Which ſubtracted from 32* gives 
2.3% 


r ET I a TT T4 | PU 7 32 
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_ 294 for the freezing point of that ſolution. All the reſt of 
the third column of the table is found in the fame manner, 


and with very little trouble, becauſe 4 x 28= 112 is a conſtant 
number, which being divided by the numbers of the firſt co- 
tarm, the quotient is the number of degrees ſought. In all 

the * none but diſtilled water was employed. Z 


Common Salt. 
Proportion = g Freezing 
of water to ſpot e [point by cal- | KG 
| culation, | * 
oF Y | 
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| The third enn 1s ; calculated 
from the laſt experiment, in 
| which the freezing point of a 
| ſolution of one part of ſalt in 
| four of water Proved to be 


+4. 


28} : 


The aumbers i in the third column * the table come ſo near 


to thoſe in the ſecond, that moſt likely the ſmall differences 
between them ought to be aſcribed to errors in the experi- 


ment; whence we ſhould conclude, that the ſalt lowers the 


freezing point in the ſimple inverſe ratio of the proportion 


which the water bears to it in the ſolution. 
In the courſe of the experiments made with the Sirens 
ſolutions of this falt, ome phenomena occurred which deſerve . 


further attention. 


1. This ſolution was in one inſtance cooled 81, and in ſeveral 


5 or 6 degrees, below i its freezing point ; but in general it 
4 ſhot 


a 
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ſhot rather more readily than ſome other ſolutions; which 1 
aſcribed, from the aualogy of my former experiments, to its 
leſs tranſparency. Though the common ſalt did not form a 
turbid ſolution, yet there was ſomething of a greyiſh caſt, 
much like what is produced by the mixture of a ſmall- portion 
of clay.with ,pure .water ; and the caution in conducting the 
operation, neceflary to make ſolutions of this ſalt cool a cer- 
-tain number of degrees below their freezing point, ſeemed to 
be nearly the ſame as would be required with water my 
tinged by means of clay. 

22. When the ſolution was very ſtrong, nearly Laturated with 
the falt, cooling it tended ſomewhat to leſſen this greyiſh caſt, 
to render it rather more limpid: as was particularly the caſe in 
a ſaturated ſolution which I cooled to 0%. I ſuſpect this effect 

takes place when the ſolution begins to expand with the cold. 
3. In the ſtrong ſolutions, when the proportion of falt was 
as much as one · fifth, before the real congelation came on 
which reduced the whole to one temperature, ſeveral ſmall 
ſtellated cryſtals formed in the liquor, which increaſed very 
ſlowly. Theſe were real ice of the ſalt water; but the cold 
being in this caſe very little below the freezing point of the 
ſolution, there was little power to make them ſpread; and 
ſometimes, when this occurred, I believe, part of the ſolu- 
tion toward the top was rather above than below the freezing 
point. Similar Phænomena were obſerved, and in a {till more 
remarkable manner, in the ſolutions of ſome other ſalts, al- 
ways when they were very ſtrong: and it may be given as a 
general fact, that in ſolutions approaching to ſaturation, though 
the formation of one glacial cryſtal does, as in pure water, tend 
to make the whole freeze and come up to an uniform tempera- 
ture, yet the ſhooting goes on much more ſlowly, as if the 
2 {alt 


ory * : 


the Point of — 100 28 1 


falt oppoſed a5 reſiſtance, or at leaſt proved an impedirient; 
| to the progreſs of the cryſtallization. | By ftirring the ſolution, 
bowever, when theſe ſtellated eryſtals once began to form, 
they quickly increaſed in bulk, or became more em 
and the liquor affumed its freezing temperature 


4. This ſalt with ſnow, in the manner of frigorific mix- 
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The next Alt Which 1 tried for its effect in Benz tha 
freezing point of water, was nitre. It was part of a large 


4 compound cryſtal, or bundle of cryſtals, apparently very 


pure, ſuch as is uſed in manufacturing the beſt gunpowder. 
This being mixed with the diſtilled water, in different propor- 


: bps the n froze according to the following table. Me 


„ a e nn 
Nitre. 


of water to p int by the by calculation. RH 


abs: falt Xepoited one part of ſalt in _ of 
264 falt depoſited | water proved to be 26 


much ſalt | 
= depoſited. | 


Nitre. 1s 1 
much more ſoluble in warm than in cold water. Hence- it 


would be nothin g remarkable, * the ſolutions being made in 


Water 


e 7 

5 30 * EF 
„ The third column 1s calcu- 
1 | lated from the fifth experi- 
2 | ment, in which the freez- 
I ing point of a ſolution of 


well known to differ from common ſalt in being 


E 22 Dr. aer 8 Reperiments on 
ter above the freezing point, ſome of the ſalt ſhould, when 
9 | | they exceeded acertain'ftrength, be depoſited before they began 
30 to freeze. But a further queſtion occurred here, whether, 
1 | 3 when a ſolution was cooled below. its freezing; point: the falt 
1 would ſtill continue to be depoſited; or whether it would: hot 
1 1 have parted with all the falt it was obliged to let gu hy the 
EW || | time it came to the degree at which it was to-freezo;, and: would 
e rtain the remainder notwithſfanding any ſubſequent cooling. 
RY To. determine this, I noticed carefully the quantities of ſalt 
ER — depoſitedat the bottom of the tumbler, in compariſon with 
=> I'S the cold of the ſolution as ſhewn by the immerſed thermome- 
EY ter; and I found, that in ſome caſes (for inſtance, when the 
30% A | falt was to the water only as 1: 10). the depoſition did not 
2B begin till after the ſolution had paſſed i its freezing; point ; and 
1: that, when it it began earlier, ſtill there was no ſtop at the freez- os 
1 ing point, but the quantity continued augmenting as the cold 
1 of the ſolution proceeded, and; as far as I could judge, rather 
in an increaſing ratio. Thus: when. the ſaturated. ſolution was 
1 cooled 8 or 10 degrees below its freezing point, which ofteti 
1 happened, the collection of | nitre at the bottom was very 
1 great; and in this manner 1 could: render a ſaturated ſolution 
111 of nitre no longer ſaturated when it came to freeze, the defi- 
A 18 ciency | bein g ſometimes ſo great as. to raiſe the point of conge- 
1 lation a degree or more. Hence was aſtertained the unex- 
14 pecred fact, that the lower ſuch: ſolutions are cooled, the higher 
BB is their freezing Wan 
1 The nitre depoſited by the ſolution as it DIY TY if 
11 the veſſel remained at reſt, ſmall but very white and compact 
4 | priſmatic or needle-like oryſtals, of conſiderable: length, pomt- 
| | 1 ing different ways, and at laſt curiouſly intertroven with one 
EN - another, But if theſe were broken down, or the ſolution was 
| | ſtirred 
| 
1 
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ſtirred with any Sat, the remaining nitre RD) itſelf in 


ſuch minute cryſtals as to have much the appearance of a 


powder; I fuppoſe from the deſtruction of the regular ſurfaces 
yon which it would otherwiſe have continued to form. * 


Frequently, in the ſtronger ſolutions, there appeared n near 


the bottom and ſide of the tumbler many elegant ſtellated 


cryſtals, perhaps a quarter of an inch in 3 all ſepa · 
rate, but ſometimes crowding very cloſe upon one another, ſo 
as to exhibit a ſpectacle of much beauty. 


be ice of ſolutions of nitre, eſpecially when i it began Wb 


thaw, was very different from common ice, having a ſoft 


woolly appearance, as if of a more tender and looſe texture. 


Something of the ſame kind was obſervable in the ice of all 


the other ſolutions, ſufficiently diſtinguiſhing it from any that 
ean be formed of pure water. 
All the ſolutions of nitre were mb Bolt, * 


no tendency. to an opaque or turbid caſt; and accordingly they 
were very eaſily cooled below the freezing point, and could not 


but with difficulty be made to ſhoot till they had paſſed it mn, 


degrees. In two- inſtances they cooled more than 10 degrees; 


namely, 'a ſolution of one part of nitre in 24 of water cooled 
lowly to 19%, and then ſhooting, the thermometer came up 
to 30'; and another ſolution, i in which the nitre was to the 
water as i: 10, cooled rather below 16*, and having produced 
ſome.ſtellated cryſtals, roſe, when the vn con gelation took 


place, up to 27. 
As, when pure water is cooled. palin] its 3 point, the 
leaſt particle of ice or ſnow. brought into contact with at cauſes 
an inſtant congelation, I was curious to know whether the 
ſame effect would be produced when falts were diffolved in the 
water. Therefore, having one of theſe nitrous ſolutions, whoſe 
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proportions were 8 2 1, 1 cooled: it to 2%, about two degrees 
below its freezing point, and then, no ſalt. being depoſited, 1 
put into it a ſmall bit of ice. The effect af this was not in- 
ſtantaneous, as in pure water, though ultimately the ſame 3 
the bit of ice gradually enlarged, and when it was ſtirred 
about in the liquor, a number of ſtar- like cryſtals formed, 
vrhich being ſcattered through it ſoon brought it to an uniform 
temperature of 26. This ſame ſolution, when cooled in a 
preceding experiment to 185, had its freezing point at 27%, 
from the quantity of nitre that had been depolited. In all 
folutions, therefore, of ſuch ſalts as are much more ſoluble in 
bot than in cold water, if it be deſired to find their freezing 

point when they are loaded with as much of the ſalt as the 
water can contain at that temperature, the moſt effeual me- 
thod is to oblige them to ſhoot, as ſoon as they can be made to 
do ſo, by putting in a ſmall bit of ice or ſnow ; for thus the 
fallacy which might otherwiſe are. tout tha: pp af 
fome of the ſalt will be avoided. 
A doubt having been ſimpeibnd, dart the ed * a 
eryſtal of ſalt might not alſo bring on the congelation, that 
experiment was tried, but it produced no effect. Indeed, tha 
formation of faline cryſtals in theſe experiments, the n 
ml remaining fluid, was a ſufficient proof to the contrary. 
Th here is another phænomenon which I thought took place in 
folutions of nitre and ſome other falts, but could not abſolutely: 
fatisfy myſelf concerning it; namely, that the depoſition of 
ſome ſalt baſtened that of the remainder. - For inſtance, ſup- 
poſe that a ſolution of nitre in the proportion of 1: 8, would 
retain the whole of its ſalt at its freezing point of 26; then, 
if another ſolution were made much ſtronger, it would begin 
to depoſit its ſalt before it came to 26; and when cooled to 
26?, 


* 


the ſalt to the water. It would have required a particular ſe- 


= F NK 


at, that after the ſolution has begun to form cryſtals of 
nitre, the depoſition proceeds with increaſed rapidity as the 
cooling goes on. This may, indeed, be owing to the attrac- | 
tion of the water to the falt decreafin g in a progreſſive ratio 
with each degree of cold; but it may alſo depend on the 
attracting ſurfaces being multiplied as more cryſtals are formed : 
and ſtirring the liquor ſeemy to haften the progreſs of the de- 
- poſition ; ; which may be aſcribed to its bringing freſh portions 
of the ſolution perpetually to. thoſe attracting ſurfaces; for, if 
there be ſuch an attraction, it can ſcarcely be * to take 
place at any ſenſible diſtance. 5 
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portions of 6: 1 and 8: 1, but would have depoſited more of 
the falt, ſo that now at 26 it would contain perhaps only a 
tenth of nitre; as if the formation or exiſtence of ſome cry- 
ſtals in the ſolution facilitated: the ſeparation of the falt, or 
conſtituted an attractive power counteracting the attraction o 


ries of experiments to aſcertain this as a fact; but ſeveral 


obſervations incline me to believe it is ſo; and the con- 
ſequences to be drawn from it would be ſufficiently curious, 


and applicable to many points of theory. Of the ſame 
nature, perhaps, is another circumſtance already hinted 


Upon the whole it ſeems evident from the preceding while, 
that the effect of nitre, like that of common ſalt, is to de- 
preſs the freezing point-in the ſimple ratio of its proportion to 


the water; which will be found univerſally true when allow- 


ance is made for the depoſition and other ſources of fallacy 


already enumerated. 
This nitre produced, with ſnow, a col of between 26% and 25 


0 


27 


Qq 2 & - 


26®, it would not Sis juſt loſt the difference WIG the pro- 4 
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ed funk th eas vhs of water fs o little, OR 
but 6 degrees, I had recourſe: for the next ſet of experiments 
to that neutral falt which, after ſea ſalt, produces the greateſt 
cold with ice; which is, the common ſal ammoniac. The 
different ſolutions of this ſalt in water, being ſubmitted to the 
action of a ee, ET PEE to the follow- 


841 ammoniae. 


'n 4% Ererzigg point 


1 by calculation. . 5 Z 
241 5 The third . is calcu- 
20 | lated. from the faſt experi- 
191 [| ment but one, m which the 
163 - | freezing point of a folution 
P of one part of the ſal am- 
. moniac in five of water 


93 


Fate depoſit ited | Proved | to be 82. 


In this table alſo the numbers of the third-cotum pres: ſuf- 
nciently wich. thoſe of the ſecond to ſhew, that ſal ammoniac, 
like the two preceding falts, depreſſes the- freezing point in the 
fimple ratio of the Feen in which it is. n with = 55 

water. 3 £21705 $$ J „ 
The Killowing i is the account, a8 written at the time, of the 
experiment where the ſalt was to the water as 1: 5. © This 
4 ſolution cooled- down to 20 at bottom, but the frigoriſic mix- 
ture being inſufficient, the top remained at 10*.. 'Fhe tum- 
« hler was then taken out, and the frigorific mixture being 
5 + refreſhed, by ſtirriog and the addition of new materials, it 
„ CC. was 


e ike feathered cryſtals, which however ſhot out very ſlowly. 


ſide the feathered eryſtals at bottom, and the ſtars floating i in 


. . 2 | — F - "6 
PF 9 y L _ p } * 


4 Point of Compilation. "= 
« vas replaced, when ice ſoon began to 0 at the bot tom, 


* ; "OY 


« But upon ſtirring the ſolution, a vaſt number of ſtellated 
« feathered cryſtals preſently formed in it, the thermometer 


4 roſe immediately to 9%, and was ſoon. got to 8*.” I have 
tranſcribed - theſe : remarks, not only becauſe they elucidate 


ſome of the phznomena mentioned in former experiments, but 
likewiſe on aecount of the finking analogy the cryſtals bore to 


the configurations obſerved in a drop of the ſolution of this 


ſalt viewed with the microſcope. As the drop dries, great 


2 numbers of feathered cryſtals ſhoot out from its edges, and 
; ſome more perfect ftellated cryſtals are often formed i in the 


middle; of which a pretty exact repreſentation may be ſeen i in 


Baxkx's Employment for the Microſcope (p- 110. Pl. II.). 
Ihe reſemblance of both kinds of cryſtals, in theſe two dif- 
| ferent ſituations, is very great; and their particular figure is 
probably due to the ſame cauſe, a confuſed and conſtrained 
ctyſtallization, occaſioned. in the one caſe by the haſty evapo- 
ration and want of room in the drop, and in the other caſe by 
the watery congelation acting * and . the natu- 
ral tendency of the ſalt. 


A ſtronger ſolution of ſal ammoniae, the b * 
: 4; exhibited a ſtill more beautiful appearance; for, be- 


the middle, a third ſort of ctyſtals, maſt reſembling the ſtars, 


attached themſelves te: the fides of the tumbler, and were ſeem 
through. the glaſs as compoſing a great variety of brilliant 


facettes, In this experiment the ſolution was reduced below 155 
before any congelation began to take place, and a certain quan- 
tity of the ſalt fell to the bottom in the form of a white pow 


der, about as much as reduced the liquor to the ſtate of a 
ſaturated 
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faturated ſolution at the freezing point, which therefore, ben 


the congelation- took place, proved to be 4*, inſtead of 2*, the 


number that would have anſwered to this proportion of ſalt. 
It has been a queſtion | much conteſted, whether faline ſolutions 
| depoſit their ſalt upon freezing. That ſome ſeparation, or a 
tendency to ſeparation, takes place, many facts concur to 
prove; and among the reſt ſome phenomena obſerved in the 
| above-mentioned experiments. For inſtance, the ſtellated 
eryſtals, when firſt formed, were barely ſuſpended in the was 
ter, and ſometimes they even gradually ſubſided to the bot- 
tom; which ſhews, that they conſiſted of falt chiefly, only 
inviſcated with ice, or at leaſt of an over. proportion of ſalt; 
for the principal maſs of ice formed in a ſaturated ſolution 
floats in it like common ice in pure water. Beſides, it was 


almoſt conſtantly found, that when a cruſt of ice, which had 


been formed in a ſaline ſolution, began to thaw, a thermome- . 


ter thruſt into it roſe ſomewhat higher than the point at which 
it had become ſtationary when the congelation took place ; an „ 
indication that a leſs proportion of ſalt was preſent in it fo 
had been in the whole ſolution. And if, after any ſolution 
| had ſhot and formed a quantity of ice, the tumbler were 
Mill kept in the frigorific mixture, the thermometer immerſed. 
in the liquor gradually ſunk lower and lower, as the congela- 
tion proceeded. But theſe very obſervations ſhew, that the 
Separation is far from perfect; as the riſe of the thermometer 
in the former caſe, or its deſcent in the latter, never exceeded 
one or two degrees, under a great variation in the quantity of 
ice in the ſolution. TY 
Sometimes in ſolutions of ſal ammoniac, and N other 
ſalts as ſeparate by the cooling of tlie water, a ſort of floccu- 
leat ſubſtance is formed, which ſubſides in the water, and 
thereby 


amb 15. Aiſinguilded. Hom the proper ice : of the ſolution, 
which it otherwiſe much reſembles in appearance. It is com- 
poſed principally of the depoſited ſalt, in very mi 


Rochelle ſalt. The water diſſolved a large proportion of this 
ſabltance, and had. its . point ſunk according to the 
. n table. e 
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te cryſtals | 
like powder, inviſcated and kept together with a little ice. 


Though fal ammoniac forms a tole rably tranſ parent ſolu- 
tion, yet J perceive that i in theſe experiments it was in few i in- | 
ſtances cooled much below its freezing point ; the moſt was. 


nine degrees. I believe this to have been accidental, from no 
particular attention being now beſtowed on that object. 2 


The ſal ammoniac, mixed with ſnow, produced a cold of 
from 4 to 4 4 of F AHRENHEIT" s ſcale, 


of all the 43 ſubwitted to theſe experiments, was 


were none more tranſparent and elegant than thoſe made with 


1565 


Rochelle an. 


ITY 


Freezing point 
* calculation. 


.  # 


's #5 


| 29+ The third column is caleu- 


271 | lated from the laſt experi- 

264+ {| ment but one, in which 

231 | the freezing point of a ſolu- 
2214 | tion of one part of the 
21 [Rochelle ſalt in two parts of 


alt depoſited | water proved to be 21%. 


All the ſolutions of Rochelle ſalt bore to be cooled remarka-- 


bly well. In one inſtance the liquor ſunk 114 degrees below 
3 its: 


3 


* 


Ting 7. Ay the Glution prop one pitt. er the 

fate in five . . whoſe freezing point proved 27%4, and 
which cooled to 16˙ before the cryſtals of ice ſhot. In two other 
inſtances it ſunk fully nine degrees below its freezing point. 
And, as already has been mentioned, on * of this 
falt are remarkably tranſparent. _ 
In trying the greateſt cold to be obtained by mixing Ro- 
chelle ſalt with ſnow, l could get the thermometer no lower 
than 264. * % 


point 2. 


. 


- GravamR' 5 fale likewile was | ſubjefted to the experiments, 
but its utmoſt effe& in producing cold with ſnow appearing to 
be only two degrees. this was too ſmall a ſcale for ſettling any 
thing as to the ratio. A ſolution of it in water, in the pro- 
portion of 1: : 5» cooled readily to 31*; but the ſalt was depo- 
ted in great quantities, and often ſo faſt, as to ſtop the cool- 
ing of the bottom of the liquor entirely, though the veſſel 
was immerſed in a ſtrong frigorific mixture. This phzno- 
menon has been obſerved before; but does not take place, to 
the ſame degree, in the ſolutions of any other falt with which 
I am acquainted, thou gh I evidently perceived ſomething of 
it in the ſtrong ſolutions both of nitre and of ſal ammoniac. 
It is exactly the conyerſe of the cold produced by diſſolving 
ſalts in water; for as there ſome heat is abſorbed, and becomes 


latent, by the change of the ſalt from a ſolid to a fluid ſtate, ſo 


here ſome heat is evolved as the ſalt aſſumes the ſolid cryſtal- 
line form. The effect is ſo much more manifeſt with GLAv- 
pER's ſalt only, I imagine, becauſe the formation of the cry- 
ſtals proceeds ſo rapidly; whence the quantity of heat gene- 
rated equals or exceeds the cold communicated by the freezing 
mixture. Some odd appearances are produced by this ſudden 
| ſtop 


gap of the ng and_ the, rapid 12 & al: fie 7 
inſtance, a particular ebullition in certain, parts, of the. liquor; 
but any intelligible deſcription, of them would he tog minute. - 


which by thefe ex 


each ſalt bears to the water. 


baſis. 


Theſe were all the ſalta with an alkaline bafis, which, 1 tried. 
They all agreed as to the chief object of theſe experiments, 


namely, to determine how much the freezing point of water 


would be ſunk by diflolvin g them in it in various proportions, ; 


n ts appears to be, as nearly as cou 
be determined, according to the pie ratio of the proportion 


IT now reſolved to try a few fats with : an earthy and metallic 


The common Gal catharticqs amarus of the 1 was the 


if pecimen I uſed of an earthy ſalt. It formed a turbid inele- 
gant ſolution, as if dirty; and with various proportions of 


water . the followin 8 = ints of congelation. | 


AY | Sal HOPES WR ena by 


of water to 5 8 . 
MS: | od The third column is calculated 
16: 4 | | from the laſt experiment, where 
10:1. | the freezing point of a ſolution 

4 a 138 of one part of the fal catharti- 
3 cus amarus in n of water 
2274 14 proved to be 25%; 


No ſalt was depoſited from the ſtrongeſt of hes butions; ; 
and as that which I uſed was a deliqueſcent ſalt, it muſt pro- 


bably have been in a vaſt proportion to the water, before any 
Vor. LXXVIII. R r ſuch 
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br isvr me N 
Tk EY au ave takeh plate!” 1 have fink A Merlin | 
meter With it and fnow "74; I which, a 1ccor ling to the Pro- 
. rtions in ' the table, "would make mdr than three Parts "of 
the falt to "two of * Accordingly, » a ' large . of 


dhe falt was required to the e * 


No particular ph#nomenon was obſeived with this fate; except 
the ſingular configuration of its ice, which aſſumed the form 


of fung gi, or of ſome kinds of: lichen, with feathered ſtriæ. 
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Of the falts with a metallic baſis, green vitriol affords one 
of the moſt tranſparent ſolutions in water. It finks the ther- 


mometer nearly to 27 1 with ſnow, and reduced the freezing | 


2 My 
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Green vitriol. 


Proportion 


Freezing | 


the ſalt. experiment. 


5 8 
10: 1 30 of Tom we laſt experiment, in 
1% 6:1. þ 304 ( 301 which the freezing point of a 
421 293 291 ſolution of one part of the green 
3:1 | 283 ,| 284 ]vitriol in 2,4 of water proved ; 
2,4:1] 28 28 [tobe 287. 


The ice formed by theſe ſolutions aſſumed a foliaceous confi- 
guration, with a texture of penniform ſtriæ, in ſome reſpects 
like the appearance exhibited by a drop evaporating under a 
microſcope, as delineated by BAKER. Scarcely any ſalt gave 
the point of congelation ſo regularly in the proportion of the 
quantities mixed with the water, and none afforded ſolutions 

4 8 which 


2 0 

; 31 ſolution of one- part of the 
30ʃ¼. white vitriol in three of water 
42 proved. to be 282. | 


tumbler, before it was reduced at t all below the term of con- 
gelation, | | 
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Having Sand that white vitriol, mixed with ſnow, pro- 


duced a cold of 20*, melting the ſnow remarkably faſt, I was 
induced to try the freezing point of its ſolutions. But though 
it diſſolved very readily 1 in water, yet the liquor it formed was 


fo turbid and thick, that little ſatis faction could be derived 


from the experiments. The only numbers to be relied upon 
are. the following, which * dd with the 2 | 


White vit 1 


Freezing | The third A 18 calculated 


nt b 
| roars from the laſt experiment, in 


' [which the freezing point of a 


" Thiſe W cooled very ill, none of them having ſunk 


much below the freezing point, and the ſtrongeſt, which had 


a copious { ſediment, forming a.cruſt of ice at the bottom of the 


8 
pe 


M. Acuanb, of Berlin, having alledged *, that borax: in- 
ſtead of raiſing the boiling point of water, like other ſaline 
ſubſtances, very ſenſibly depreſſes it, I determined, how- 


ever extraordinary the fact might appear, to try whether it had 


* See CRELL's Chem. Annalen, 1786, Vol J. p. 501. 
R r 2 any 


pu” of Cen ee, 5 2 3 9 
which 3 more ealily and readily below the freezing point. Rs. 


In two inſtances the cooling was more than I I degrees. MO - 
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any OK. pr on "the fleeri fig point. But having made 
2 experiment with mall a A ſolution of 'borax , the 


thermometer when, it congealed was evidently below 322 21 
believe about 2 degree. 


A= A Beütrel or middle alt, which when cryſtallized 3 is al- 
| ways nearly of the'ſanie nature, and diſſolves in a regular pro- 
portion in water, ſeemed likely to afford the moſt ſimple cafe 
of the effect of extranecus admixtufes, it was with ſuch that 
I began theſe: experiments. But having found that with them 
the ſimple ratio prevailed, I proceeded to try ſubſtances of a 
more variable nature, and capable of being mixed with water 
in almoſt any proportion; ſuch as- acids, alkalies, and ardent 
ſpirits. A material difference 1 in the law, which ſeemed to 
occur in theſe new: experiments. renders it proper to defer the 
account of them till ſome reflections on the preceding facts, 
with a few additional experiments to > which they gave riſe, 
have been ptemiſed. 

It is now, I dave; enjvetfally © doe. chat in frigorific 
mixtures the melting of the ſnow or ice is the. principal cauſe 
5 of the cold produced; all that heat which muſt become latent 
in order to give water its fluid form being taken from the ſen- 
fible heat of the ingredients. But as; when cryſtallized falts 
are employed for the purpoſe, theſe alſo are reduced to a liquid 
form, there muſt, from this circumſtance, be ſome additional 
cold produced, ſuch for inſtance as would be occaſioned by diſ- 
ſolring the ſame falt in water. Suppoſe then that the latent 
heat of water is 150 degrees, and that ſal ammoniac, in diſſolving 
to ſaturation, produces ſo much cold as finks the whole ſolution 
about 207%; it is evident, that if this ſalt and ice are mixed 
together in ſuch proportions as juſt to melt one another, the total 
cold generated in the operation muſt amount to 170 degrees. 
2 „5 And 


* 
- «4 
144 * 10 


is effected; and yet a mixture of theſe two ſubſtances will fink 
the thermometer no lower than to 4 of FARRRERRRTT's ſeale. 
The conſideration of this apparent difficulty has led to the 
ſuppoſition, that a certain quantity of fire is contained in the 


cryſtals of the falt, which being diſengaged in the ſolution 


keeps up the mixture to a certain temperature . But I con- 
eetve, that the phænomenon depends fimply on the gradual 
liquefaction of the ingredients, a neceſſary conſequence of the 


cold produced. A ſaturated ſolution of ſal ammoniac freezes 
itſelf at 4*; therefore, when the mixture is reduced, by the 


liquefaction of the ingredients, to that temperature, no more 


of them can melt, becauſe any addition of cold would freeze 
what is already melted; and if the mixture, under ſuch cir- 
curnſtances, were placed i in an atmoſphere of its own tempera- 
ute, the ingredients would remain for ever in that ſame ſtate, 

without any further liquefaction. But in an atmoſphere 
warmer than 4, they continue to melt, more or leſs ſlowly, as the 


heat which is gradually communicated furniſhes what is neceſ- 
fary to become latent. This communicated ſenſible heat being N 


immediately e converted into latent, the mixture will always be 
kept down to the ſame temperature as long as there is a ſuffi- 

_ cient maſs of unmelted materials; and it can ſink no lower, 
becauſe then the liquefaction would be ſtopped; conſequently: 
fluch mixtures muſt preſerve, as they have been found to do, a 
pretty uniform temperature, ſo as to have been formerly uſed 


for graduating thermometers. And the whole cold produced, 
or, to ſpeak properly, the whole of the heat made to diſap- 

pear, I preſume to be ultimately equal to the full quantity of. 
latent heat belonging to the diſſolved ice and ſalt. 


* Ds Lvc's Idées fur 1a Meteorologie, Tom. I. p. 201. 
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8 fallen to this explanation, the- greateſt. cold to. 20 prop 
| duced with any ſalt and ice or ſnow ſhould: be that with which 
a ſatu rated ſolution - of the ſame ſalt freezes; ; which was. for- 
merly eſtabliſhed by M. Dz Luc as a fact, and-is in general 
' conformable to the preceding experiments. Thus, when a 
*folution of one part of ſal ammoniac in four parts of water Was. 
put into the frigorific mixture, ſome of the ſalt was depoſited, 
and then the ſolution on freezing raiſed the thermometer to 4*, 
which is exactly the cold produced by a mixture of the ſame 
ſalt with ſnow. Likewiſe the ſtronger ſolutions of nitre had 
their freezing point between 26 and 27*; thoſe of green 
vitriol near 28; and ſo of maſt of the other ſalts, correſpond- 
2 with the cold of their frigoriſic mixtures. This agree- 
ment, however, is liable to be modified by ſeveral circum- 
ſtances. For inſtance, if the ſalt be of that nature that more 
of it is held i in ſolution in warm than in cold water, it becomes | 
extremely difficult to have the ſolution, at the moment it 
| freezes, exactly loaded with that quantity of ſalt which i 18 moſt 
advantageous for acting upon the ice or ſnow. Too much may 
| have been depoſited by the cooling previous to the congela- 
tion; or ſome reſiſtance having occurred to the cryſtallization 
._- the ſalt, more of it may .be retained at the moment of 
2 75 congelation than properly belongs to the ſalution at that tem- 
perature. The purity of the ſalts likewiſe, their particular na- 
ture as inclined to deliqueſce or to fall down in powder in the 
air, the rapidity of their action upon the ice or ſnow, muſt 
neceſſarily be taken into the account, as influencing the degree 
of cold they can produce. | 
It is an evident corollary from the ac agree-. 
ment, that if the freezing point of the ſolution of a ſalt 3 in 
water in any known proportion be given, its degree of ſolubi- 
lity 


* 


| Wm. tb Point of Gasgeben. 29 7 
10 may in Glick be aſcertained, As w_ reying the * 
* it will produce with ſnow, -. | 

+ Notwithſtanding this uſual correſ benden Boy the 
Peng quantity of a ſalt tbat could be diſſolved, and the 
greateſt degree of cold it would produce, compared with the 
freezing point of 1 its ſolution, I ſaw reafon to believe that, with 
ſome falts at leaſt, an irregularity took place i in this reſpect. 
The Rochelle ſalt, mixed with ſnow, did not ſink the ther- 
mometer lower than 24; yet the freezing point of a ſolution 
of. one part of it in two of water appears, by the numbers in 
the table, to have been 217. It is remarkable, however, that 
in the experiment with a ſill ſtronger ſolution, where ſome of 
the ſalt was depoſited, the freezing point came down to 24% 
Likewiſe: the ſolution .of white vitriol, whoſe freezing point 
was 28 3, depoſited a copious ſediment, and yet produced 
With ſvn a cold of 20% This ſediment did not look like cry- 
ſtalliaed falt, but gave a-turbid appearance to the whole ſolu- 
tion. The moſt remarkable circumſtance of this nature, I 
think. occurred with the purified common falt; which, when 
mixed with ſnow, ſunk the thermometer only to 4% By 
experiment F found that one part of this ſalt would diſſolve in 
about 2*4-of water. Now, if the proportions of | to 4 give 
the freezing point at +4®, as by the table; 1 to 24 would, 
upon the general analogy, give it between — 12'and =13'; 
that is, 8 or 9 degrees lower than the greateſt cold the ſalt 
would produce with ſnow... This circumſtance leads to a ſuſ- 
pieion, that however, uniform the preceding tables appear, yet in 
reality ſomething of a decreaſing ratio exiſts, and that each 
ſubſequent addition of a falt does not depreſs the freezing point 


quite ſo much as the preceding, In thoſe falts where the 


whole quantity of depreſſion 13 but ſmall, and in the upper 
part 


of this ſalt upon ſnow, or whether ſuch a decreafing ratio 
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part of the ſcale in thoſe which have a greater effe&; this pre- 
greſſion may be inſenſible, or be incapable of determination by 
ſuch experiments as theſe, which by their nature do not admit 
of extreme accuracy; but it may became fufficiently obſervable 
toward the laſt additions of ſuch ſalts as are ſoluble in great 
quantity, and ſuch as alter very much the freezing point. 1 
never ſucceeded to freeze the ſaturated ſolution of this Bor- 
rowſtounneſs common ſalt, though it has been cooled ſeveral 
degrees below — 4 without depoſiting any of its ſalt ; if the 

experiment were made in a cold ſufficient for the purpoſe, it 
would ſhew whether any irregularity takes place in the action 


does exiſt. Perhaps, however, the whole may depend upon 
the principle alluded to formerly, that the preſence of ſome 
falt favours the depoſition of more: for when a falt is mixed 
with ſnow, it may in this point of view be confidered as in 
the ſame ſtate with a ſaturated ſolution of the ſalt which has 
ſome of it remaining undiſſolved; and which, therefore, will | 
not contain more than properly belongs to it at the given tem- 
: perature ; ; and the cold of ſuch a frigorific mixture ſhould be 
no greater than that of the freezing Fs of the faturated ſo- 
lution under thoſe circumſtances. 


As it is pg known * water, 1 it his "OTE ſaturated | 
with one ſalt, will take up a certain portion of another ſalt 
without depoſiting any of the former, I was curious to try 
what effect the addition of this ſecond ſalt would produce on 
the freezing point; and particularly whether it would depreſs 
the freezing point of the ſaturated ſolution the ſame number 
of degrees that an equal proportion of the ſame ſalt would 
deprefs the freezing point of water; and whether the ſame 

ſimple 
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fragle ratio would hold good, or any new law take place, To 
bring this to the teſt of experiment, I took a ſaturated ſolution 


IF 


Ut of nitre, whoſe freezing point of courſe was between 26 and 

le 27*: and adding to it the purified common ſalt in various Pro- 

at pany I * the nn reſults. 

* Compound folution of nitre and common ſalt. 
Proportion of] Propertion of | Freezing | Freezing 1383 |. 

he Water to the | water to the point by the | point by | Difference. | 

* nitre- 93 common falt, experiment. calculation. 

V 3 . 0 | 0 

on - F-20002 © -a24 7} 1 74 

lo | Aſiturated| T4 5:4 09 202-4 1h | TE" 1] 

* Solution. 20:1 þ 174 | 154 21 

n | | 7,4: 1] 134 [115 23 

ed In Jag $$ hr. 5 1.78 54} 

in The ſolution of nitre was one that had been made ſome | 

as time, and contained near one ſixth part of nitre, conſequently 

ill more than the water could keep diffolved in the temperature of 

N= the atmoſphere, which was then not much above 400. Some 

be of it therefore was depoſited at the bottom. This, bosver, 

ſo- the addition of a r part of common ſalt ſoon enabled the water 


to take up, and he two ſalts formed together a clear ſolution. 
In the frigorific mixture, before the congelation took place, 
ſome faline cryſtals were again depoſited, which ſeemed to be 
chiefly, if not entirely, nitre. In the temperature of the air 
this depofit was re-diffolved ; and on attending to the circum- 
ſtances more carefully, upon a repetition of the cooling, I 
found, that no ſalt began to be depoſited till the ſolution was 
reduced to 23, when ſome needle-like cryſtals appeared, which 
conſequently were nitre. The ſolution cooled about a degree 
more, and then, having let fall much ſalt, partly as e 
Vol. LXXVIII. 81 = 
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a partly, by ſtirring, as a powder, it was made to congeal 
by dropping in a bit of ſnow, and the thermometer roſe to 
231. When more ſalt was added, to render its proportion to 
the water as 1: 15, the nitre ſeemed ſtill more difficultly depo- 
ſited in the freezing mixture; and this continued to be the 
effect of further additions of ſalt, the depoſition of ſaline 
matter previous to the congelation being always teſs, in Pro- 
portion as the quantity of common ſalt was greater. 
| Ttis evident from the freezing points of this compound ſo- 
lution, that the common falt depreſſed the freezing point of 
the ſalution of nitre ſomething leſs than it would have de- 


. preſſed the freezing point of water, if added to it in the ſame 


proportion. To ſhew this more evidently, I have added a 
fourth and a fifth column to the table: the fourth column is 
formed by taking the freezing point of the ſaturated ſolution 
of nitre as 26%, and then finding how many degrees the 
quantity of common ſalt added would have depreſſed the freez- 
ing point of water; this number of degrees, fubtracted from 
the conſtant number 26%}, gives the freezing point by ealcu- 
lation; namely, what it ſhould have been if the ſalt had pro- 
duced the fame effect upon the ſolution of nitre as it would 
upon pure water; and the difference between this and the 
freezing point found oy the _— gives the numbers! in 
the fifth column. 
ciency of effect Go the fale goes on * e to the third 
experiment, after which it decreaſes. Probably ſome particular 
law takes place, which it would require a great number of expe- 
riments to develope; but the decreaſe toward the laſt may in 
part be owing to the greater quantity of nitre which the water, 
when it began to be loaded with common ſalt, retained at the 
time of congelation, and which muſt have its effe& in 

1 9 5 depreſſing 


de preſſing the freezing point. The above-mentioned circume 


it is only becauſe the water of cryſtallization of the ſecond falt 


produced, as exaQtly as the experiments can be expected to 
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ſtance ſeems rather contradictory to an opinion which has been 


entertained, that when one falt, added to a ſaturated ſolution 


of another ſalt, enables it to take up more of the former ſalt, 


really adds to the * of the diffolving fluid. 


I next proceeded. to try a ſimilar experiment with fal ammo- 
niac and the purified common falt, but with this difference, 
that neither ſalt ſhould be added to the water in ſuch quantity 
as to come near the point of ſaturation, ſuſpecting that the 


diminution of effect obſerved in the foregoing experiments 


might depend, in part at leaſt, upon this circumſtance. The 


9 ammoniac, therefore, was diſſolved in water in the propor- 
tion of 1: 10, and the correſponding point of congelation ap- 
peared "2 experiment to be 20:1, agreeing very well with the 
table of ſal ammoniac formerly given. To this ſolution was 


added the purified common falt, in proportion to the water as 
1: 15, and then as 1: 10; the reſulting points of congelation 
were as is ſhewn in the following table, conſtryQted 1 in 1 all re- 


e. as the c immediately ny 


Compound ſolution of ſal ammoniac and common falt. 


Proportion of | Proportion of | Freezing | Freezing | 1 
water to the ſal} water to the [point by the | point by | Difference, | 
ammoniac. | common ſalt. experiment. calculation, | | 

| H 8 | 5 | 
013 43-2631 124 3 
i 


Hence it appears, that in this compound ſolution both ſalts 
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ſhew, ach Full effect in depreſſing the point of erties. | 
When the ſolutions. at length froze, after cooling many de- 


grees below the freezing point, the cryſtals ſhot in. a very beau · 


tiful manner round the bulb and up the ſtem of the thermo- 
meter. 

In a compound ſolgtion of Rochelle and common falt there 
was, however, a deficiency of effect. For the ſolution: of 


Rochelie ſalt iu the proportion of one part to four of water, 


having its freezing point at 26% - when common ſalt was 


diſſolved in it, in the proportion of th, the freezing point 
appeared by experiment to be 16˙1, whereas. by . 1 4 


ſhould have been . n to 15. 


A compoſition of . fats. was affected as follows: 25 


5 Compound Golution: of 1 ſalk, common | falt, and fal 


ammoniac. 

Proportion Proportion Proportion [* Freezing [ Freezing 1 5 
of water to] of water to of water to point by the | point by | Difference. | 
the Rochelle the common | the ſal am- experiment. calculation, . 

_ R moniac, f. * * 
1 | | | 1 © "1 | ET NOT 1 2 3 

98:1 1011 17 1 % 1gy--1 114 tl = 


The computation is made chus: Rochelle falt, i in. the pro- 
portion of 1: 9,8, depreſſes the freezing point 24; common 
falt, in the proportion of 1: 10, finks it 11%; and fal am- 


moniac, in the proportion of 1: 17, ſinks it 7; now 24 ＋ 


111 77 201; which, ſubtracted from 32, leaves I 1*Z for the 
computed freezing point of this mixture. 

The moment I had found by experiment that hs n 

of a different ſalt to the ſaturated ſolution of any ſalt would 


ſtill further depreſs ; its freezing point, it was obvious to con- 
7 clude, 


* ; 
1 


e 


j 


the Poini of Congelation. 3 5 393 "3 


OY that greater cold could be produced with ſnow by a 
mixture of ſalts than by means of either taken ſeparately · 
I made ſeveral experiments with this view, and found it uni- 


formly the fact, that by adding a certain proportion of a falt 
which had leſs power of producing cold with ſnow, to one 
which had a greater power, the frigorific effect of the latter 
was ſenſibly increaſed. Paſſing over examples of leſs conſe- 


quence, it will be ſufficient to inſtance common ſalt and fal- 


ammoniac. The ordinary common ſalt 1 uſed to mix with. 


ſnow, ſunk the thermometer to — 5 the ſal. ammoniac to 425 
but when ſome of the latter ſalt was mixed with the former, 
the compoſition produced with ſnow a cold of = 129. I did: 


nat carry.the experiments far enough to determine the propor- 
tions which anſwered beſt, but ſaw evidently, that a conſidera» 


ble variety in this reſpect occaſioned ſcarcely a perceptible dif- 
ference: more ſal ammoniac was, however, required, than 4 — 
that proportion of it to the common ſalt, which ought, by 


computation, to have ſunk a ſaturated. ſolution of the latter 7 


degrees. On ſeveral occaſions 1 made uſe of this compoſition... 
to obtain a greater degree of cold. than common ſalt alone 
would produce, and found it a very convenient method. 


On this principle it is that impure common ſalt always 
makes a ſtronger freezing mixture than the pure; it being, in 
fact, a compoſition of ſalts. I have ſeen three ſalts produce a 
greater cold than two, but have not carried the experiments 
far enough to aſcertain the limits of this effect “. 4 


* The curious experiments, related in the Philoſophical Tranſactions for 


f 1787, p. 282. of producing a great degree of cold by diſſolving a mixture 


of ſalts in water, depend in part upon the ſame principle, the water being 
capable of reducing more falt from a ſolid to a fluid ſtate when ſeveral kinds are 
employed, 
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M. vs RREAUMun propoſed to try what cold gunpowd * 
would produce with ſnow, as a teſt of its goodneſs, that is, 


of the purity of the nitre in its compoſition. It 1s evident, 


from what has been delivered above, that if any ſaline impu- 


rity be mixed with the nitre, a frigorific mixture formed with 
the compoſition will be lower than 2674, a greater or leſs 


number of degrees, according to the nature and quantity of 


the impurity; and if it be only common ſalt, the proportion 


of it to the nitre may be thus determined pretty nearly. 5 
As the cold produced by common ſalt with ſnow is - 4* or 


' amore, and by ſal ammoniac + 4“, it is difficult to conceive in 


what manner FAnRENHELT fixed the zero of his thermometer. 
All thoſe who have examined the few authentic paſſages to 
be found in authors upon this ſubject, will be ſenſible how 
vaguely they are expreſſed, leaving it doubtful whether he 

uſed common ſalt alone, ſal ammoniac alone, or both mixed 5 

together. There is no method of ſinking a thermometer 
exactly to o with theſe ſalts and ſnow, but by means of a 


certain ſmaller proportion of common ſalt added to the ſal 


ammoniac; and it would have been an extraordinary chance, 
that FaurennerT ſhould hit preciſely this proportion often 
enough to make him rely upon the point ſo found as the 
commencement of his ſcale; more eſpecially as the proportion 


employ ed, than it could of « one of the kinds only. A ENTRY fact of this natures 
as I imagine, is recorded ſo early as in the Memoirs of the French Academy of 
Sciences for 1700, p. 116, On prend une livre de ſublime corroſif, et une 
« livre de ſel ammoniac; on les pulveriſe chacun à part; on mele enſuite les 
deux poudres tres exactement; on met le melange dans un matras, verſant 
10 par- deſſus trois chopines de vinaigre diſtille ; on agite bien le tout: et ce me- 
„lange ſe refroidit fi fort, qu'on a peine A tenir long · tems le vaiſſeau dans les 
„% mains en été. 11 eſt arrive meme quelque fois 3 M. Houzgze, que faiſant ce 
* melange en grande quantite, la matière geſt gel,” 


13 


the Point of Congelatin - 395 


18 probably no greater than a ſeventh or a fixth of common 
falt to the ſal ammoniac. Is it poffible that F AHRENAEIT, 
finding a couſiderable difference in his experiments, took the 
mean between them for his zero, without any reſpect to the 
different nature of the ſalts with which he operated? It ap- 
pears, that he was at this time fo little acquainted with the 


ſubject, as to conſider his zero as the utmoſt limit of col "a 


I come now to certain ſubſtances which, by equal additions, 


| ſeem to depreſs the freezing point of water in an increaſing 


ratio, Theſe, as was mentioned before, are acids, alkalies, 


and ſpirit of wine. I judge this to be the caſe from the fol- 
lowing experiments, though they are by no means ſo full and 
extenſive as I could have withed to make them, had leiſure 
| permitted. . 
The ſpecific gravity of the vitriolic acid 1 ca was $ 


1,837 at 62* of heat; its effe& _ the freezing point is 


ſhewn by the following table. 


ns Oe Vinriclic acid. 
Proportion | Freezing | Freezing | 
of water to | point by the] point by * 
acid. | experiment. calculation. | 
| 0 5 
10: 1] 244 224 
51 124 | 2 
1 72 


This table is conſtrocted in the fame manner as thoſe for- 
merly given of the ſolution of ſimple falts; the laſt experi- 


ment, where the proportion is 4: 1, being taken as the ſtan- 


dard for computation ; and the extreme difference between 


the calculation and experiment is no leſs than 24, upon a 


reduction 
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reduftion of the freezing point from 24% to 7%. The freez- 
ing point, ſet down in the table, is that to which the liquor 
roſe upon congealing, after havin g been cooled ſeveral degrees 
lower; which it is proper to remark, becauſe the | ice roſe two 


or three Or in — 


be nitrous ack I exeployed Was fnoakivg, -and hall its os. 
* cific gravity 1,454. It acted on the freezing point according 
to the following table, which! 1s; conſtructed + in al reſ =o K*. 


the ä 

Proportion of | "Freezing 
water to acid. |. point by 
J : TY ee 
16, 8: — 1 14 265 
r 
7,64 : 1 BE | 

4,26: 1 F 7 


1 
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1 
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64 


% * 5 
0 * 


Freezing | 
point by 


| calculation, 


257 


212 
8 


11 


7 


4 


1 


| 


* 


*The greateſt difference between the calculation and experi- 
-ment appears here-to be only two-thirds of a degree ; but that 


is more than, I think, can be attributed to inaccuracy. 


Theſe 


mixtures cooled remarkably well; that in which the water was 
to the acid as 7,64 : 1 ſunk down to 6* before it froze, The 


ice heated about a deg dee before it was melted. 


Spirit of ſalt being a very weak acid, its increaſe of ratio 
Was not perceptible within the limits to which I was confined, 


2 


Muriatic 


r 
'S 


* 
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%F_ 
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vegetable alkali I employed. 


| 
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- the Point of Congelation, 
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M,uriatic acid: 


2» 


Proportion of | Freezing | Freezing | 
water to acid, | point by | point by | 
| experiment. calculation, | 


| 


10:1 | 25 25 
5,51: 1 43 18+ "| 184 
3,05 135 9x | "ME. 


This table is conſtructed as the peng t : ny the beate 
of the marine acid was 1, 16 3: 


Salt of wins ſuch as i ally ſold in the ſhops, was the 
-It did not- readily deliqueſce, 
and conſequently was not very cauſtic : the cold it produced 


with ſnow was — 14 


Salt of t tartar. 3 
ENR of Freezing | Freezing, if: 44 norfroc 
I If 

bf 


Here the greateſt difference between the calculation and ex- 
periment is ſomething more than 14 degree, in ſinking the 
freezing point from 222 to 5*; but in the higher freezing 
points of the table it is leſs, as well as in the lower. Perhaps 
VoL. LXXVIII. * Þ-2 thus 
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- an impurity in the ſalt of tartar; a turbid appearance, and at 


portion in the cooled water. 1 conſider the ſolutions as de- 
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this irregularity i in the experiments is in part to be aſcribed to: 


length a depoſition, took place in all theſe ſolutions, but prin- 


cipally in the ſtronger, occaſioned probably by tartar of vitriol, 
with which that falt is fo —— mixed. 


The mineral alkali 1 tried, wich was the cryſtallized ſoda 
of the ſhops, ſhewed no increaſe of ratio; but the ſcale of its 
operation was too ſmall for a proper judgement to be formed. 


L 


29 ; 


This falt would not remain Jy” ended in 8 greater pro- 


ereaſing in their freezing point by an equal ratio: poſſibly, if 
the falt of tartar had been cryſtallized, and perfealy ſatu- 


rated with fixed air, it would alſo have acted in the manner 
of a neutral ſalt, and N no increaſe _ the ratio. 


My volatile alkali, Win 4 * fal l ſalis ammoniaci, 
was tried only 1 in two proportions. 


a 


2 


. 8 
R q * N a 4 ' 
a | ' . 
10 . 0 
= * - 
| * 4 — 
2 G ; 
" TI 0 1 | a ; 
6 * r 4 . ? : * 
x) 
* 
* - 1 7 1 * - * 0 
* 17 * * * 
. y ; 
* « - 
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10 1 
5.18: 1 


Here alſo there is no appearance of a an increaſe of ratio, but 


rather the en. 


The ſpecifi nity dv Ge aces 2 employed was 
»829 at 62. It depreſſed the freezing = * to the 


followin 8 table. e 


Spirit of wine. 
e Freezing | Freezing | | 


water to ſpirit. | | 
calcutation. 1 


8,5 $ 
w 3566: 1 
| [ ; 3 2 1 ' 


The total difference between the calculation and experiment, 
upon a reduction of the freezing point from 24*z to 45, is 4 of 
a degree; but the intermediate points are very irregular, and 


In an oppoſite ſenſe, as if the ratio were decreafing. It ſeems 


more probable, that ſome inaccuracy in the experiments, per- 


haps owing in part to the evaporation of the ſpirits, ſhould be 
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the e * this, than that — ſhould be ſuch an * f 
larity in the law. le l 


* 


If any perſon ſhould Adin, this the difference between 


the obſerved and computed freezing points in the foregoing 
tables is not ſufficient to eſtabliſh the increaſe of ratio, I can 


only reply, that it appears to me greater than can reaſonably 
be aſcribed to error in the experiment; eſpecially as ſimilar 


experiments with neutral ſalts, not conducted more atten- 
tively, agreed ſo well together in pointing out a different law. 
It muſt be allowed, however, that the experiments do not 
ſhew any increaſe of ratio, except in the vitriolic and nitrous 
acids, {alt of tartar, and, -with more ambiguity, in 
Wine: from analogy only I ſuſpect it to take place in the other 
acids, and in the mineral and volatile alkalies provided they 
are cauſtic. That a different law from what prevails in the 


in ſpirit of 


neutral ſalts ſhould take place with theſe ſubſtances, ſeems not 


: ſurpriſing, when it is confidered how much ſtronger attrac- 2 


tion they ſhew for water, and how much leſs limited the pro- 


portion is in which they will unite to it : for the ſame reaſons, 


I ſhould not think it extraordinary, if deliqueſcent ſalts, com- 
bined with water, ſhould be found to obſerve the ſame in- 
ereaſing ratio in depreſſing the freezing point. 

As other experiments upon the watery congelation of acids, 


and in lower degrees of cold, have been given to the public, it 


would have been deſirable to compare them with mine, and thus 
to have obtained a greater length of ſcale. But the difficulty - 
of aſcertaining the preciſe ſtrength of different acids i is ſo great, 
and a ſmall uncertainty in this reſpect may occaſion ſo much 
error, that I. conceive little reliance can be placed, with regard 
to the preſent object, upon any experiments except ſuch as are 

4 TS OY made 


made by dining th fone avid with firs ie proportions of 


water. 3 { 4 8 8440 SINE a> 200 340 


1 E ' ; * 1 
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I ſhall conclude this Paper with the account of an experi- 


ment to determine the effect of ſalt upon, the expanſion of 


water by cold. Pure water begins to ſhew this expanſion about 
the temperature of 40%, that is, 8 degrees above its freezing 
point. I put a ſolution of common ſalt, in the proportions of 
4,8 parts of water to one of the ſalt, and conſequently whoſe 
freezing point was 823, into an apparatus I had uſed for other 


experiments of the ſame kind; and found that the ſolution. 
continued to contract till it was 8 to 17 but had ſenſibly 
expanded by the time it was cooled to 15%. Suppoſe the expan- 
ſion to have begun at 16%, it would be juſt 8 degrees above 
its new freezing point. Heiſee we bare reaſon to conclude, as 
far as one experiment goss, that the combination of a falt 


with water has no other eff; upon its quality of expanding 


by cold, than to depreſs - the Feist at which that quality be- 


gins to be ſenſible, juſt as much as it © depreſſes the point of 
con gelation. 1 1 
It is probable, that the dub e bf this . will appear to 


fas minute and trifling. Did it lead to nothing further, that 


opinion might be juſt. But it is by the accumulation of facts 
of this kind, and eſpecially ſuch as have been developed by 
Mr. CavenDIsH in his excellent Papers on the freezing of 
acids &, that the foundation muſt be laid for a general theory 


of the lawn of coheſion, which may ultimately lead to a know-. 


ledge of the ſtructure upon which the intimate properties of 


* Philoſophical Tranſactions, Vol. LXXVI. p. 241. and p. 166. of this 
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the nitrous; though I ſhould have obſerved, that he exprefſed 
ſome doubt whether the liquor did not alſo contain ſome other 


acid beſides the nitrous. 
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XN. Ald, tional Experiments and OB/ervations relating to To 
5 Principle of Acidity, the Decompoſition of Water, and Phlo- 
gon. By Joſeph Prieſtley, LL. D. F. R. S. With Letters 
to him on the gs by Dr. W and — Keir, 


Eſq. | 


: Read May 1, 1788. 


HEN I wrote the ue which the Society 1 done 
me the honour to order to be printed in their Tran- 
ſactions, I had found that the decompoſition of dephlogiſti- 


cated and inflammable air, by means of the electric 1 park, 


produced an acid liquor, which Dr. WIrRERIVG found to be 


1 have ſince that time been deſirous to aſcertain the quantity * 
of acid producible from a given quantity of air ; and with this 
view I gave Mr. KEIn as much of the liquor as [ had col- 
lected from the decompoſition of about five hundred ounce 


meaſures of dephlogiſticated air, and the uſual proportion of 


inflammable air mixed with it. The liquor, he informed me, 


was 442 grains, of the ſpecific gravity of 1022 (that of water 


being 1000) and that it contained as much acid as was equi - 
valent to 12.54 grains of concentrated acid of vitriol ; which 
quantity of vitriolic acid 1s capable of ſaturating as much ve- 
getable fixed alkali as is contained in 224 grains of dry nitre, 

5 or 
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34 Dr. Pumsriny's Hypetingntg ond Od ſeruationt s 
or about 2 31 grains of nitre cryſtallized i in mean temperature. 
The ſediment of the ſame liquor be alſo ſuppoſed to. . 
ak, leaſt, as. much acid as the e Hquor itſelf. 


Wei * 8 I 


= That this le diment contains much acid, "ſeems eviathr from 
1 this circumſtance, that, when 1 it is firſt formed, it often etnits 
ſmall, bubbles, which riſe to the ſurface of the liquor, and 
continues to do ſo a confi derable time. This was more parti- 
cularly the caſe with the ſediment which I had from the tinned 
iron tubes. Theſe ſmall bubbles, I imagine, conſiſt of nitrous 
air (formed from the ſuperabundant acid vapour adhering to 
the metal and the water in the Hquor) becauſe when a Phial, 
1 half filled with this liquor, had ſtood about a week, the air on 
the ſurface of 1 it inſtantly, and repeatedly, extinguiſhed a pcs 
of lighted wood that was dipped i into it. 8 
From the preceding data, given me by Mr. Kin (and 
making allowance for the indefinite quantity of water con- 
tained in the concentrated acid of vitriol) 1 am inclined to 
think, that not much more than one- twentieth part of de- 
phlogiſticated air is the acidifying principle, and that nineteen 
parts are water. Ha — 5 
This, I would however obſerve, relates to air fully Ku- 
rated with water, in conſequence of its having been kept in 
Jars ſtanding | in water, fo that I think it poſſible that the water 
in the drieſt dephlogiſticated air may not amount to more than 
nine-tenths of its weight. But I have not aſcertained," by any 
experiment, how much water any of the kinds of air are ca- 
pable of holding i in a diffuſed ſtate, without being any neceſ- 
fary part of their conſtitution. . 
Though Mr. KEIx found the oreateſt part of the acid in 
the liquor with which I furniſhed him to be the nitrous, there 
were evident ſigns of its containing a ſmall portion of marine 
acid, 
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is — atk fond to accompany . the production * nitre. | in 
the operations, of nature. Whether the different ſubſtances 


from. which the dephlogiſticated,. air was extracted made any 


difference in this caſe, I cannot tell; but that which I gave Dr. 
Wirnuk RING was from minium, and that which Mr. Kern 
examined was from manganeſe. 


In the notes which, I took of the fit produftion of this 


i liquor I termed it blue, and Dr. W 1THERING alſo calls 1 it blue, 
and once a greeniſh blue; but that which 1 gave Mr. Kern, 
and all that I have got fince, i is a decided and deep green, 
which Mr. Keix thinks to be owing to the phlogiſtication of 
the nitrous acid. 


Thoſe philoſophers who are unwilling t to admit the e 


of phlogiſton, will perhaps ſay, that, in thoſe experiments in 
which a calx is revived by means of inflammable air, this 


air joins the dephlogiſticated air that was in the calx; and 


that, in conſequence of this, the metal, being freed from a 
foreign ſubſtance, reſumes its proper form and qualities, with- 
out having received any addition whatever. 


But ſince it appeared in the preceding experiments, in which 
an air was procured by means of ſteam, that the 


metal did not become a calr, except in conſequence of partin g | 
with inflammable air (or rather with ſomething which, when 
united to water, is inflammable air) it cannot be ſup- 


poſed to recover its metallic form without re· imbibing the 


ſame thing that it had loſt, which thing may be termed 


phlogifton. 


Conſequently, inflammable air being (in the pinion of 
thoſe who do not admit the doctrine of phlogiſton) the ſame 
Vor, LXXVIII. U u thing 


. 


— 


* 
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| 80 with the ſubſtance from Which it was 1 MY 
are, and united to water, | it will follow, that any fub- 
| ſtance imbibing inflammable air muſt become compounded with 
that other ſubſtance from which the inflammable air was pro- 
duced; and therefore, all the inferences recited in the former 
Paper, which tend to eftabliſh the doctrine of phlogiſton, 
muſt be admitted. | 
It will be aſked, what becomes of the dephlogiſticated air 
which is certainly expelled from red precipitate When it is 
heated in inflammable air, and converted into running mer- 
cury, if the inflammable air enters into the calx, in order to 
its becoming a metal ? ? TI anſwer, that it unites with a part of 
the inflammable air, and forms nitrous acid ; for the water 
that is collected in this proceſs is ſtrongly acid, as appears by 
its turning the j Juice of turnſole red ; but the quantity is ſo 
ſmall, that it will hardly be poſſible to aſcertain what acid it 
18. Analogy, however, decides clearly in favour of tho 
nitrous. 
It may be ſuppoſed, that in this experiment with rad prect- 
pitate, the acid was that which had not been ſufficiently ex- 
pelled from that ſubſtance in the proceſs by which it is made · 
But the reſult was the very ſame when I uſed precipitate per ſe; 
and on this occaſion I uſed a portion of that which I procured . 
from M. Caper in Paris, of which mention 15 made in the 
ſecond Volume of my Experiments, p. 36. 
On the other hand, that which is expelled from finery cin= 
der, when it is heated in contact with inflammable air (and 
thereby becomes iron) is pure water, without any acid. This 
I found to be the caſe even when the inflammable air had been 


got from 1 iron by oil of vitriol. Does not this prove that the 
2 iron 
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bon had n air; was. gry; eue. hi not any ave. 
conſtituent part of water only? _ 
That water enters into the conſtitution of ory kind of air 
I ſuppoſed, becauſe it certainly does into that of inflammable, 
fixed, and dephlagiſticated air, and becauſe none of them can be 
produced except by proceſſes in which water either certainly i is, 
or may be well ſuppoſed to be, preſent. That nitrous air alſo 
contains water, I have lately found from the iron that 18 heated 
in it becoming a proper finery cinder. 

At the publication of my laſt Volume of 8 I 
had found, that iron heated in nitrous air acquired weight, 
and that what remained of the air was phlogiſticated air, 
Having fince that time repeated this experiment, and after- 
wards heated the iron, which was by this means increaſed in 
weight, in inflammable air, the iron loſt its additional weight, 
and water was copiouſly produced, as in the ſame proceſs with 
finery cinder, or, as I ſometimes call it, ſcale of iron. 

As nitrous air may be deprived of its water, and become 
phlogiſticated air by heating iron in it, I find that it undergoes 
the ſame change by being repeatedly tranſmitted through hot 
porous earthen tubes, through which 1 ſome time ago diſco- 
vered that vapour will paſs one way, while the air contugaous 
to the heated tube will paſs the other. 

Il firſt tried this proceſs with turnings of iron in the tube, 
by which means the iron was readily converted into finery cin- 
der; but afterwards I found that the ſame change was produced 
in the nitrous air by the hot tube only. The two bladders 
which I made uſe of in this experiment (and by the alternate 
preflure. of which I made the air contained in them paſs 
through the hot tube) became red, juſt as any bladder does 
that is filled with uitrous air, and then expoſed to the influ- 
3 ence 


3 
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ence of the atmoſphere till it becomes phlogiſticated air, as 
- may be ſeen in my former experiments. In this manner 1 
now always treat the bladders i in which I make experiments on 
air. It prevents them from putrefying, and 9 them 2 
firmneſs of texture fimilar to tanning. 
That nitrous air contains water, and that this water can 
contribute to the formation of fixed air, is evident from the 
following experiment. I heated five grains of charcoal of 
copper in eight-ounce meaſures of nitrous air, till it was in- 
_ creaſed to ten-ounce meafures, and the charcoal had loſt one 
 —©=-# grain. Examining the air, I found about one-fifth of it to be fixed 
* air, and the remainder phlogiſticated. It ſeems, therefore, that 
nitrous air conſiſts of water, and ſomething that may be called 
the baſis of nitrous acid, or that ſubſtartce which, when united 
to dephlogiſticated air, will make nitrous acid; and this ſeems 
to be pure phlogiſton, ſince it is found, as the preceding expe- : 
riments ſhew, in the pureſt inflammable air. May we not 
hence infer, that the nitrous is the ſimpleſt of all the acids, 
| and perhaps the baſis of all the reſt?  _.. 

It is evident, that more water than enters into the compoſi- 
tion of nitrous air is neceffary for the change of it into what 
I have called dephlogiſticated nitrous air, becauſe the eontact of 
iron will not, without water, produce that change in it. 

Though fixed air, as I have ſhewn, contains water as well 
as nitrous air, it cannot be deprived of it, and be decompoſed, 
by the fame means; for I have heated iron in it by a burning 
lens, and have alſo made it paſs repeatedly through a hot 
earthen tube containing turnings of iron, without Producing 
any change in it. * 
In the former Paper I ſaid, that manganeſe of itſelf gives 
only the of qc nee air« by heat; but I have now 
| a quantity 
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2 — which, after giving pure air with a moderate heat, 


gives air that is more than half fixed air with a greater degree 
of heat. It is evident, as I have obſerved before, that there 

are very different kinds of manganeſe, 
In theſe Papers I have ſuppoſed, with M. Lawn and 
others, that the princip/e of acidity is in the dephlogiſticated 
air only; but as the acid is always formed by the union of this 


air and the inflammable, it may, perhaps, with equal proba- 


bility be ſuppoſed to be in either of — or to be a com- 


5 pound of them both. 


Mr. Warr defires me to mention it as his conjecture, that 


the nitrous acid is contained in the inflammable air as the acid 
of vitriol is in fulphur, the phoſphoric i in phoſphorus, &c. ; ; 


and that the dephlogiſticated air does nothing more than deve- 


lope the acid. Mr. Kei, who was led to expect that an acid 


muſt be the reſult of the union of dephlogiſticated and inflam- 


mable air, becauſe ſome acid is always the conſequence of its 


union with other inflammable ſubſtances, thinks that both 


may be neceſſary ingredients in it. Farther experiments may 


throw more light on the ſubject. 


| TO THE REV. DR. PRIEST Ex. 
DEAR SIR, | 


IJ at length ſubmit to your conſideration the trials ER 

EF made upon the liquors you produced, by the firing of de- 
pblogiſticated and inflammable air in cloſe veſſels; and if you 
think 


* 
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think proper you may tranſmit them to the Royal a by 
ay of A ppendix to 288 own * _ that Subject. 


OY” ML 2 f. 

Dec. 2 55 1787. Lrapon produced by burning, in a 2 
copper veſſel, inflammable air got from IRON by means of the 
ſteam of water, and depoleg ficated air, expelled by heat on ly, 
from MIN IUM . 

This liquor was blue, and contained a reddiſh brown ſedi· 
ment. | lng 
Exp. 1. Terra ponderoſa lime water, 
2. Common lime water, and 
3. Cauſtic fixed alkali, cauſed a greeniſh precipitation. · 
4. Cauſtic volatile alkali produced a beautiful deep blue 
| precipitate, which was wholly re- diſſolved by the 
addition of more volatile alkali. 1 
” 5. Phlogiſiicated alkali gave a reddiſh brown print 
6. Nitre of lead, no change. 
F. Nitre of filver, a bluiſh precipitate. 
8. Litmus, its colour firſt turned red, then curdled, 
and at length nearly deſtroyed. 
9. The filtering paper, employed to Avis the ſedi. 
ment, was a ſlow burning touch-paper. 


§ II. 
Dec. 30. Liqyos produced, by burning 1 in a cloſe copper 


veſſel, inflammable air, obtained as in & 1. and dephlogiſticated 
air, expelled by heat only, from MANOGANESE. This liquor 

was blue, and contained a reddiſh- brown ſediment. 
Exp. 1—9. Similar to thoſe in & 1.; and the reſults being 
in all points the ſame, I determined to mix the liquids toge- 
ther, 
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ther, the quantities 0 ſmall, and ſubmit them to further 


examination. 
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& N.. 


. I. The united liquids being neutralized by the addi- 
tion of cauſtic vegetable altal, a beautiful green 
precipitate ſubſided. 

2. This precipitate diſſolved entirely in n cauſtic volatile 

alkali, changing to a beautiful blue. 

3. The ſuper-natant liquid being ſlowly evaporated to 
dryneſs, the liquor that eſcaped darin this proceſs 
was nothing but pure water. 

4. The imperfectly cryſtallized 8 (3) effer- 

veſced upon the addition of concentrated vitriolic 
acid, and being ſubmitted to diſtillation, on the firſt 

. application of heat, an orange · coloured vapour aroſe, 

which was condenſed in a receiver previouſly wetted 
with pure water. 


5. The diſtilled liquor (0 b bad the ſmell and the taſte | 


of -nitrous acid, which inſtantly changed the blue of 
litmus; and that of violet paper to a red; and it 

acted upon ſilver. 

6. Terra ponderoſa lime water, add ed to it, occaſioned - 
no precipitation. 

7. Saturated with vegetable alkali it * cap 
paper into touch paper, and formed, upon a flow eva- 
" Jo: cryſtals ſimilar to thoſe of nitre. 


8 Iv. 


Jan. 2 21, 1788. Liquor produced by burning inflammable. air, 
obtained as before, and dephlagiſticated air fron mercurius pre- 


cip. ruber, in a cloſe tiuned iron veſſel. 


This 


F.. 
® 


_— 
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This liquor was nearly coloutleſs, but contained a lar ge 
* of a light brown ſediment. | 
Exp. 1. 2. 3. 4. 5: 8. 9. Similar to thoſe of 's I. J IT, e x- 
cept the different colour of the precipitates, and tha t 
maade by the philogiſticated alkali —_C a fine 
482 3 11 Aud. IR 
ED 10. The liquor faturated with 3 alkali b eing 
 flowly evaporated to dryneſs, and the precipitat es 
| mixed with the brown ſediment being put into a 
TIE OK retort, ſome concentrated vitriolic acid was added, 
and heat was applied. A very faint ſmell of nitrous 
acid aroſe, but no viſible red vapour; nor did any 
__/ thing diftil into the. receiver unt ws heat was _ 


e 
9 v1 conſiderable. 


N 11. The liquor then diſtilleäd was evidently acid ; but 


this actd was ng Res 975 terra * 
line water. | 


- 
f 


x: 
eb. I 9. ie now 0 a he quantity of the 2 
120 ſediment, produced as 5 1. vis. 329 grains of the bluiſh 
green liquor, and 12 grains of the reddiſh brown ſediment, I 
proceeded to repeat the experiments, but the reſults correſpond- 
ing with the former ones, I need only mention, that the liquor 
changed litmus red, and coagulated it; that with phlogiſti- 
cated alkali it gave a browniſh red, and with cauſtic vegetable 
alkali a blue precipitate ; that after ſaturation with the vege- 
table alkali, both the dried ſalt and the ſediment being ſub- 
mitted. to diſtillation with the addition of concentrated vitriolic 
acid, an orarge-coloured vapour inſtantly aroſe, and the pecu- 
liar ſmell of nitrous acid WAS s ſtrongly perceived. The diſtilled 
liquor, 
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1 3 Acidily, the Decompoſition of Water, and Phlogifton. 323 : 
Iquor, beſides having the taſte of nitrous acid, diſſolved filver ; 
and when neutralized by vegetable alkali and flowly evapo- 


x- rated, afforded well-formed cryſtals of common nitre. 
is - 5 - Theſe, Sir, are all the trials I have made with the Vives 
—_ ee in your experiments. They pretty clearly prove the 
acid generated to be the ſame, whether the dephlogiſticated air 
1g was procured from red precipitate of mercury, from minium, 
es or from manganeſe, and that this acid is the nitrous acid, It 
2 FO not quite ſo clear why the liquor and ſediment in $ Iv. gave 
, no ſtronger marks of the preſence of nitrous acid; but it is 
8 | evident, that the acid had united itſelf to the iron, if not to 
y the tin, of the veſſel employed: and I find, that when nitrous 
y acid is fully ſaturated with iron by being boiled with it, and 
ö | fixed alkali is added, this mixture ſubmitted to diſtillation, with 
it : the addition of concentrated vitriolic acid, Eres no red va- 
a Paurs, and very little ſmell of nitrous acid · 


1 remain, Kc. 


of _ _. Memjngham, ft 5 04, 
h February 22, 1788. 


le 2 10 TUB REV. DR. PRIESTLEY, 


1 HAVE i the green 1iquor which I received from E 
1 with a view to determine the two points you wiſhed prin- 
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dry green powder, inſoluble in water, but foluble in acids. 
Vou had before acquainted me with this fact. As ſolutions of 


34 Dr. — 's ee and Obſervations on on 
cipally to know, namely, the 8 and the kind of ** 


contained acid. | 


The quantity of the green liquor was 442 grains, * its 
ſpecific gravity was to that of water as 1022 to 1000. When 
the green liquor was poured out of the phial, there remained 
at the bottom 72 grains of a brown powder, which upon exa- 
mination was found to be a calx of copper, ſoluble in acids, 


The colour of the liquor ſhewed that it was a ſolution of 


copper. However, it gave no cupreous precipitation to poliſhed | 


ſteel, till a few drops of acid had been added. This circum- 


ſtance ſeemed to ſhew the perfect ſaturation of the acid of the 
green liquor with the copper: and this complete ſaturation was 
further evinced by the very ſmall alteration of colour which 
litmus ſuffered on being mixed with this liquor. This teſt did 
indeed ſeem to acquire a little tendency to redneſs, but the 


effect was ſo minute as not to deſerve conſideration, and might 
probably be owing to ſome light phlogiſtication, as it is called, 
of the acid contained, rather than to its ſuperabundance. 3 
Upon evaporating the green liquor by expoſure to air, with- 
out the application of heat, no cryſtals were formed, but a 


copper in the nitrous acid are known to yield deliqueſcent ery- 
ſtals, and as no cryſtallization happened | in this inſtance, al- 
though the acid was evidently nitrous, I was deſirous of diſco- : 
vering the cauſe of this difference between this liquor and com 


mon ſolutions of copper in the nitrous acid. Upon making 


ſome trials with this view, 1 found that there were three periods. 


of ſtages to be diſtinguiſhed 1 in the combination of copper with. 


the nitrous acid. The firſt period. 1 18 when che acid 18 ſuper- 
2 abundant, 


riod is when the acid has been completely ſaturated, or per- 


queſcent cryſtals; and the production of the brown calx may 


the ſolution of copper which may have taken place in conſe- 


the green liquor, I added, by ſlow degrees, to 100 grains of 
this liquor, a ſolution of mild fixed alkali, till no.more preci- 
pitation took place, taking great care to ceaſe adding alkali as 


— — * Wa ater, Fer: Phlsgi Non. | F 5 
abundant, and deliqueſcent cryſtals formed. The ſecond pe- 


haps ſuperſaturated, by repeated and alternate evaporation to 
dryneſs, and re · diſſolution in water, and then no cryſtals but 
a green powder is formed. The third period is when, by a fur- 


ther evaporation of acid and increaſe of heat, the green pow- 
der is changed into a brown or black calx. The complete ſatu- 


ration of the green liquor ſeems then to be the cauſe of the 
formation of the green powder on evaporation, inſtead of deli- 


be ſuppoſed to be either the reſult of a calcination of a part of 


quence of the great heat excited by the inflammation of the 


two airs; or to have been formed by the action of the heated 
dephlogiſticated air on the copper. 


In order to find the guantity of acid that v was contained in 


ſoon as the copper ceaſed to precipitate, to prevent a re- diſſolu- 


tion of the precipitated metal. Upon examining how much of 
this alkaline ſolution was required to ſaturate a given quantity 
of oil of vitriol of the common ſpecific gravity, vix. to water 


as 1844 to 1000, I found that the 100 grains of green liquor 


required for its precipitation as much alkali as would ſaturate 


2,837 grains of the above-mentioned acid of vitriol. And as 
the whole quantity of green liquor was 442 grains, its preci- 
pitation would require as much alkali as would be capable of 
ſaturating 12, 54 grains of the concentrated vitriolic acid. 
This quantity of vitriolic acid is capable of ſaturating as 
much vegetable fixed alkali, as is contained in 224 grains of dry 
X. x 2 nitre, 
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nitre, or about 234 * of nitre crſtallizediin in mean re, E 
' rature *, Y . VVV 
The dit iculty of funding even an approximation of the quan- 
tity of acid, or of air expended in forming the brown calx, 
muſt be very great; and this circumſtance ſhews the diſadvan- 
tage of uſing metallic veſſels, although in other reſpe&s more 
commodious for your large experiments than thoſe of glaſs. 
I think it is probable, - that the quantity of acid expended in 
this manner-is as much or more than the quantity retained in 
the ſolution ; but I am ſorry J am not able to give you any 
— grounds for a true determination. However, the experiment 
which I made with the calx was as follows. I diſſolved it in 
| vitriolic acid; and having ſaturated with alkali the ſuperfluous 1 
acid, I precipitated the ſolution by a fixed alkali of known 


8 Areng th, and I found that the quantity of alkali requiſite for. 


this precipitation was as much as would ſaturate ten grains of 
the oil of vitriol before mentioned. This quantity of vitriolic 
acid is ſo much leſs than I ſhould expect, that I regret I have 
not an opportunity of repeating the experiment. 

The next point to be determined is the ſpecies of acid hae is, 
contained in the green liquor. The acid produced in your 
Former experiments of burning inflammable and dephlogiſti- 
cated airs was determined to be the nitrous; and every trial 


which I have made of this green liquor has convinced me, 


that the ſame acid is contained in it alſo. Upon adding to this, 
liquor . ſome vitriolic acid and diſtilled water, I obtained by 


* I fay the mean temperature, becauſe the proportion of water retained by 
ſalts varies very conſiderably, according to the temperature in which they are 
cryſtallized; the warmer the weather, the leſs water being retained. The conſi-. 
deration of this fact ought to enter into the eſtimates of the proportions. of the 


7 diſtillation. 


component parts of ſalts. 
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_ diſtillation a colourleſs acid liquor, which from the ſmell, the 


properties of diſſolving filver very readily, and of giving a de- 
flagrating quality to- paper ſoaked in this liquor when fatu- 


rated with alkali, evidently manifeſted the preſence of the ni- 


trous acid. But beſides the nitrous, which is undoubtedly the 

acid in greateſt abundance, I think I may venture to ** the 

exiſtence alſo of the marine acid. WEE: e 
Upon adding to the green liquor a ſolution of filver in which 


the acid was ſuperabundant, the mixture became turbid; and 
when it was boiled, the minute particles eollected and fell to- 
the bottom in form of white flocks, which, on expoſure - to 
light, became dark coloured, and were re- diſſolved by volatileꝰ 
alkali; all which appearances are indications of a luna cornea- 


Although thefe appearances left no doubt in my mind of the 


exiſtence of a marine acid, I am nevertheleſs much obliged to 

our ingenious philoſophical friend Mr. JohNSON for reminding 
us, that Mr. CAvENDIsE had alſo obſerved; in the acid pro- 
duced in his experiment of paſſing the electric 1 park through a 
mixture of dephlogiſticated and phlogiſticated airs, a precipita-+ . 
tion upon adding a ſolution of filver; from which, however, 
that moſt accurate philoſopher would not infer the preſence of 


marine acid, having diſcovered that the precipitation might be 
produced by the nitrous acid itſelf, when that acid 1s much- 5 


phlogiſticated. The acid of the green liquor is in ſome degree 
pblogiſticated, as appears both from the ſmell which I :per-- 
ceived on adding the ſolution of filver, which, as I- have men- 
_ tioned; contained a ſuperabundant acid, and from the green 


colour of the liquor; for 1 have never been able to make any 
but blue or greeniſh-blue ſaturated folutions from copper and 
nitrous acid, although they ſometimes appear green-from a 
fy perabupdant quantity. of yellow acid, or from. the yellow 

fumes 
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- fumes during the ſolution. By adding a ſolution of melted 
nitre to the blue ſolutions of copper either in the nitrous: or 
vitriolic acids, the pblogiſticated acid of the melted nitre im- 
mediately communicates a green colour. The marine acid 
' tends more than the other acids to give a green colour; but I 
am inclined to impute the colour of your liquor principally to 

the phlogiſtication of the acid, becauſe upon adding a very 

ſmall portion of vitriolic, marine, or nitrous acid, the colour 

was immediately changed to a light blue. The ſolution of 
| ſilver, being purpoſely acid, always produced this change of 
. colour, and I therefore conſidered, that the phlogiſticated acid 


WS, was. expelled i in the _—_— and could not affect the Preci- 
N e 7 


Experiments n taught me, that an 8 ſight de- 
gree of that quality which 1 1s called the phlogiſtication of nitre, 
1s ſufficient to produce an alteration in the colour of ſolutions. 
of copper, and that the colour will be changed when the de- 


gree of phlogiſtication is incapable of producing any precipi- 


tation of ſilver. Not only a ſolution of melted nitre will 
always change the colour of cupreous ſolutions, but even cry- 
ſtals of nitre, when mixed with the nitrous acid, and the 
mixture boiled to dryneſs upon copper, and re- diſſolved in 
water, will give a green ſolution. If cryſtals of nitre be diſ- 
ſolved in a colourleſs ſolution of ſilver in nitrous acid, and this 
mixture added to a ſolution of copper in the ſame acid, the 
blue colour of the latter will be changed to a green, ilbough 
neither the nitre nor ſolution of filver will ſeparately have this ; 
effect, neither will nitre diſſolved in a dilute nitrous» acid. I 
do not know what degree of phlogiſtication may be required to 
precipitate ſilver, but I ſuppoſe it to be very great; at leaſt it is 
certain, that the degree of phlogiſtication capable of giving a 

green 
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green colour to folutions of copper is inſufficient to precipitate 
 filver. Mr. CAvENDTeRH, when he relates the fact of the pre- 
cipitation of filver, fpeaks only of _ much e we 


d 

C 

- | 

d 1 — this property. 
I 
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To obviate any ſuſpicion of the precipitation of filver being 
owing to the phlogiſtication of the acid, I added to ſome of 
the green liquor about an equal quantity of colourleſs nitrous 
acid and ſome diſtilled water, and I kept this mixture boiling 


1 half an hour, in order to diſengage and expel any phlogiſticated 
f || acid which it might contain. To the liquor, which remained 

d perfectiy pellucid, I added a ſolution of filver, upon which the 
i- | precipitation immediately took place with all its uſual circum- 


ſtances, and in as great a degree as before. 
I, upon examining the acids which you or others may 
hereafter obtain by the inflammation of airs, a mixture of 
marine acid be conſtantly found to gecompany the production 
of the nitrous, the fact will be only analogous to all the other 
known productions of nitrous acid; in all which, either in 
the natural formation of nitre as in Spain and India, or in the 
nitre beds and walls made by art, a very large proportion of 
marine ſalts is conſtantly obſerved to accompany the nitre. 
I ſhall conclude my letter with mentioning a fact, which F 
obſerved in making ſome experiments to find the cauſe of the 
formation of the green powder above-mentioned, and which, 
though not relative to the preſent ſubject, may be thought not 
unworthy of communication. It is the decompoſition of common 
[alt and ſeparation of its alkali by copper. As I conceived the opinion 
that the formation of this green powder by evaporation of this 
green liquor was owing to the perfect ſaturation of the acid, 
18 among other modes of obtaining a perfectly ſaturated ſolution 


za of copper, 1 . upon plates of copper ſtrong ſolutions. 
en _ of 
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of common ſalt and of ſal ammoniac. In a few days the ſal 
ammoniac was found to have converted the copper into a dry 
green calx; but the common ſalt acted more ſlowly upon the 
copper, and continued moiſt during ſeveral weeks. At length, 
however, at the end of two months, a dry green calx was 
formed, and 1 obſerved, that round the edges of the calx 
| where it joined to the ſurface of the copper not acted upon, 
and where the liquor. had laſt ſtood before it was dried, an 
effloreſcence had formed of mild mineral alkali, which ſeems 
to have been ſeparated from its acid by the action of the cop- 
per on the acid, and perhaps aided by the n of the alkali 
itſelf to fixed air. 
The ſal ammoniac alſo had ket: been — by 
the copper, but the volatility. of. its alkaline . when diſ- 
engaged, had prevented its appearance. >| 
- Wiſhing you may long continue to add to the: numerous and 
ſplendid liſt of diſcoveries with which . havy. alread 7 en- 
x Sela natural al phuloſoph 7. 


Tam, Ke. 
JAMES vun. 


March 26, 1788. 
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**. On * + Probabilities f Survivorſb 10 a Te Wo. cs 
of any given Ages, and the Method of determining the Values 
_— Reverſions depending on thoſe Survivorſhips. By Mr. Wil- 
- liam Morgan; — 1 the Rev. Rich ard 5 
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HE g hypothefs of an * Aiden of life adopted by 
M. DE Morvas, for the purpoſe of facilitating the com- 


_ putations of life annuities, has not. only been rendered unne- 
and ceffary by the late publication of many excellent tables deduced 
en- from real obſervations *, but has likewiſe been found ſo very 


incorrect in ſome caſes, * probably little or no recourſe will 
ever be had to it in future. But though the direct application 
228151 of this hypotheſis may be laid aſide, there is danger of its not 
IR. being entirely abandoned; and mathematicians may ſtill be led 
I to reaſon from this principle, by deriving their rules from the 
exprttations rather than from the real probabilities of life. The | 
ingenious Mr. TrnoMas SimysoN has contented himſelf with 
this inaccurate method i in his Select Exerciſes, and he has been 
followed 1 in it by moſt other writers on the ſubject +. Even 
in thoſe caſes-which involye only two lives, the errors are often 


— 4 . h 7514 . ona one nme: | 5 

* See Dr. Price's Treatiſe on Reverſionary Payments, 4th edit.; and Mr, 
Baron MasEzzs on Life Annuities, 5 a 8 

+ Dr. Pzice's ſolutions of his 15th and 16th 8 are e exceptions to this 


remark. ; | 74 "of y 3 
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; FRY of pecially if the expectations are ade * the 


Londen, the Sweden, or any other tables, in which the de- 
crements of life are unequal. But when three lives are in- 
in the queſtion, theſe errors are generally enormous: 
it ever fafe, when the ages of thoſe lives differ very 
much, to have recourſe to rules which are founded upon this 
principle. The three following problems, though the moſt | 


common in the doctrine of ſurvivorſhips, have never hitherto 


been ſolved in a manner ſtrictly true. The ſecond of them is 
of particular importance, and I have taken much pains to exa- 


mine how far Mr. Simyson's ſolution of it may be depended 
upon. It has, indeed, been ſolved by M. ve MorvnE 5 and 
Mr. Dopson : but the firſt of theſe writers has erred moſt 
egregiouſly in the ſolution itſelf, and the other having derived | 
his rule from a wrong hypotheſis, has rendered it af no uſe. : 
It is much to be wiſhed that the ſolutions of all caſes in rever- 
ſions and ſurvivorſhips were dedueed, like the three following 
ones, from the real probabilities of life. Moſt of thoſe which 


are now an uſe are at beſt but approximations, and can never 
be cehied'c on with any tolerable. degree of ſatisfaction. 


* * 


PROBLEM 1. 


3 the ages of two perſons, A and B, to | be given ; 


to determine the probabilities of ſurvivorſhip between them 
from any table of obſervations. 


8 O LUT ION. 


Let een the number of perſons living i in the table at 
the age of A the younger of the two lives. Let , a", di, 


* See Mr. DE Moivze's 17th problem, and Dr. Pzxxcg's remarks upon it in 
his Treatiſe on Reverfionary Payments, Eſſay 3, Vol. I. 

+ See Dopson's Mathematical Repoſitory, Prob. 23, Vol, III. 
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the 


| ſent the number of . living at the age of B the older of 


and that B ſurvives it, is expreſſod by the fraction 
probability that both the lives die in this year is expreſſed by 


f the fraction? 2 2 25 and a8 it is very nearly an equal chanee. that 
x A dies if, this fraction ſhould be reduced one-balf, and then 


it will wn 4 7 Hence the acts probability of B' 


the ſame manner the probability of B 8 ſurving A in the 2d, 4 


o 


aun, &c. repreſent the Finder of lie at the end * the 
1ſt, 2d, zd, ath, &c. years from the age of A. Let 6 fepre- 


the two lives, and c, d, e, f. &c. the number of perſons living 
at the end of the iſt, ad, 3d, 4th, &c. years from the age of 
B. Suppoſing now it were required to determine the prohabi - 
lity of B's ſurviving A in the firſt year. Jt is manifeſt that 


this event may take place either by A's dying before the end of 
the year and B's ſurviving that period, or by the extinction 
of both the lives, reſtrained however to the contingency of B' 3 


having died 4%. The probability that A dies in the firſt year, 


2. 
45 The 
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ſurviving Ain the firſt year will be 


„„ of . d&e 
3d, 4th, &c. years may be found =* | —_ Sera” x bl 


Z. ve. reſpeRtvely ; therefore, the whole probability of B's 


2ab 


1 54 7 4, 4 223 ee | 


ſurviving A will be = — Rr 


Cc. 
Having found by the preceding ſeries the probability of B, 


the elder life's, ſurviving A the younger; the other expreſſion, 
Yy2 which 
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ads denotes the probabili ity of A's ſurviving B, is well known +} 
veen the foregoing ſeries and unity. 

The ſum "of this ſeries might eaſily be determined Ti 

tables of the expectations of ſingle and joint res . But no 


no means be found a laborious undertaking to compute a table 


of the probabilities of ſurvivorſhip between two perſons of all 
ages immediately from this ſeries, without having recourſe to the 


expectations of life. For if the probability of ſurvivorſhip between 


any two perſons be found, the probability between two perſons 


one year yeunger is obtained with little difficulty; and by pro- 
ceeding in this manner a whole table may be farmed in leſs time 
than would be neceflary for computing e one of the expectations 
of two joint lives. To exemplify what I have faid, T ſhall 
= juſt: ſet down a few operations for determining the probability 
of. ſurviyorſnip, according to the Northampton: Table of Ob- 
ſervations +, i two 0 perſons, whole, common difference 


of age is 16-years, - 03-9005; gn eee Hror 3 


„ rbe above ſeries eee the r of enger may be oral 
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. 90 ab of one life one e year younger than B; C the 2 
of a life ont year older than B; AR and AC the expectations of: the joint lives 
of A and K, andof A and GC reſpectively; and B, as in that problem, the 
ander of on 2 living-in the table of obſervations at the age of. K. 
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＋ See Dr. Paiex'a Treatiſe on Reverſionary Payments, Tab. 6. Vol. U. 
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It! may eaſily. | be ſeen from theſe ſpecimens i in what manner 
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the probabilities of ſurvivorſhip between two younger | lives are . 


geduced from the probabilities between two older lives, pro- 


vided their common difference of age be the ſame; for the 


numbers 17 119.5 431.5, &c. in the 2d, 3d, 4th, '&c. . 
ſeries . are the ſums of he ſeries next preceding. Thus 17 is 


341119. Si 4121 7. 431.5 is=48 x + 


119.5, &c. It may be neceſſary to obſerve further, that if 
the ages of the two perſons be equal, the probability of ſurvi- 


vorſhip between them being likewiſe equal, is expreſſed by the 
fraction 2 ; and that this affords an inſtance of the accuracy of 


the foregoing inveſtigation; for the ſeries expreſſing the proba- 


bility in this caſe is the ſame with this fraction, the N of 8 
ſurvivorſhip becoming then (fince a=b; d'=b=c;. 4" 
c—d, &c.; and b+cxd=b+cxb-c =6b*—C,. &c.) = 
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ſions ® Has given a curve whoſe area determines the 


lity of ſurvworſhip between two perſons according to any table 
of obſervations. If one of the lives be not very young o 


20 years of age, it s neceſſary to aſſume ſo many equi- 
diſtant ordinates to reader the ſolution accurate, when the de- 
crements of life are unequal, that the operation is rendered 
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that the equidiſtant ordinates may not be too few, this area is 
ſufficiently correct. But if the eldeſt of the two lives is under 


much too laborious for uſe; nor do I know that it can be ne- 
ceſſary to have recourſe to this area in any caſe, eſpecially 28 
the true probabilities of ſurvivorſhip | are fo nd ps 
from the preceding ſeries. _ 

The following table has hoon: dme! in Wu manner de- 


= ſeribed above; and as no ſuch table has ever been attempted. 
2 before, I have been the more defirous to render it complete, by 

computing the probabilities of ſurvivorſhip between two per- 

| ſons of all ages, whoſe common difference i is not leſs than 
ten years. 


Inſtead alſo of ſuppoſing certainty to be iow by unity, 
1 have afſumed 100 for this purpoſe; ſo that the ſums in the 
adjoining columns expreſs the number of chances in 100 
which are in favour of B or A's ſurviving the or. 
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T Tad — the 1 of faryiwort p between two 
1 perſons of all ages, whoſe common difference of age is not 
le leſs than ten years, computed from the Northampton Table E, 
0 of Obſervations in * * 8 Treatife on Reverſionary 
18 NN 8 * 
* —— ———_— LT — — 3 LS Wy 1 FM 
4 Ten v. difference. | Twenty youn: difference. | Tiny years Slee. 5 
— — — — — up 
4 Ages. Probabilities. | Ages. | | | Probabilities, Ages. (F Probabilities, | 
2 11— 1} 58.59. 41.41 - 4 | - 66-461 47. 54 31— 1 105 51. 27 
— 251.30 48:04} 22— 2 | 44 33] $5-07] 32— 239.36 00 64 
13 5 48.23] $1-77] 23= 3 | 49-88] 59.12] 33— 3 | 35:57 | 64-43 
+ | 45-98] 54.02] 24— 4 39-00| 51.00 34— 4 32.80 67.14 
5 | 44-79] 55-30] 25 — 5 | 37-69 | 35— 5 | 31-35 | 68.65 
| 43-43] 56.57 20 — 6 36. 40 36 — 6 29.55 70.15 
YA 142.53 57-47} 27— 7 | 35:48] 37— 7 | 28.83] 71.17 
aq | 41.91 | 58.09] 28— 8 | 34-8 84 38— 827.98 12.02 
d | 41-60] 58.4 2 — 9 | 34-52 | 39 9 | 27.53 72-47 
y d | 41:53] 58-4 o | 34-41 | 65.59] 4% 10 27.33| 72-67 
41.58 58. 11 34.40 65,60 41—11 | 27.24 72.76 
1 * | 41-68 | 58.32] 32—12 | 34.42 65.58 42—12 | 27.18| 72.82 
"_ | 47-75] 88.22 33—13 | 34:44] 05-561 43132714 72.86 
4 | 42-99 88.10 34—14 | 34-47 65.53 44 1427.11 72.89 
| 42-02] 57-98] 35—15 | $4:51| 05-49] 45—15 | 27.08] 72.92 
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7. 7—17 42.26 57:74] 37-17 34.58 65-42] 4717 27.01 72.99 
e 28—18 42.32 57.68 38—18 | 34-54 | 65-46 48— 18 20.90 73.10 
E 29—19 | 42-34| 57-66] 39—19 | 34 44| 65.56 49—19 | 26.72| 73.28 
o 30—20 |. 42.31 | 57-09] 40—20 | 34-29| 65-71] 50-20 26.50 73 50 
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33—23 | 41.97 | 58 03 33-59 | 60-41] 53—23 | 25-56] 74 44 
34—24 47.83 58.17 33˙35 60.65 54— 2425.22 74.78 
35—25 | 41.70 58.30 25 | 33-09 | 66-91 55—25 | 24.87] 75.13 
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40 - 30 | 40.94| 59.06] 50—30 | 31-70| 68-30] C0 — 3023.02 76.98 
41—31 | 40.78 59.22 51-31 | 31. 43 66-57] 01—31 | 22.63] 77-37 
42—32 | 49.63] 59-37 | 52—32 | 31-16] 68.84 62—32 | 22.23] 77-77 
43-33 | 40:49] 59.511 53—33 | 39:38| 69-12 03—33 | 21.81 78.19 
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PROBLEM II. 


Suppoſing the ages of A and B to be given; to determine, 
from any table of obſervations, the preſent value of the ſum 
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all che other ſymbols be the ſame as in the preceding problem. 


Let. the life of B alſo be ſuppoſed to be the older of the two 
lives 3 and then it will follow, by reaſoning as in the folution 
of that problem, that the preſent value of S to be received on 
death of A, ſhould that happen in the life- tune of B. weill be ex- 
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Let B denote the * of an a annuity o on the 


life of B, C the value of an annuity on 2 life one year older 
than B, AB and AC the values of annuities on. the; Joint lives 


7 * AB 8 * cX* —AC 
8 x = LAM Again, the ſecond ſeries above men- 


Fo H 
45 + abr 


*. by purſuing the ſame ſteps 


may ibs found -s x K=AK = - .d where Þ denotes the 


27 
number of a living at the age of a perſon one year 


and 


and Ak the vida. 4 an annuity on FE FROM ves of A. 
and K. 
Sx — . B—AB., .6.T 
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The Whole Ty of the ſurvivorſhip is therefore = = 
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* 5 T4 : 
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Having now rhe value of the ſum 8 payable on the © contin- 


gency of B's ſurviving A, the value of the ſame ſum, payable 
on the contingency of A's furviving B, is eafi ly obtained by 


666 


the well known method of ſubtracting the value found above 


from the whole value of the reverſion after the extinction of 
the joint lives of A and B. It is. evident, that the exatneſs 
of the above rule muſt depend oh the z accuracy with- which: the 


values of the fingle and joint lives are computed. Being poſ- 


feſſed of ſuch tables for all ages, even. with reſpec t to the joint 
lives, I have computed the following values, in order that it 


may be ſeen how far Mr. StMesoN's approximation * (the only 


rake nom in uſe) may be depended en. pro yas ' hy | 
* It muſk be mamas, ins. the corre&on; akin.) by-1 Dr. Puree, in 


1 55s 


Vol. I. p. 390, &c. of his Treatiſe on Reverſionary Payments, muſt be 3 
to Mr. Stursox's rule; that is, when the reverfion is a ſum and not an eſtate, 


its intereſt fo 
the value found oath the rule muſt be divided: by 'L 15 increaſed- by 8 
— : + KEE 17 | . F . 474 71 (31 q ip Eb 11. 8 1 1 1 — 10 C + # tw 3 
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Value Se 1004” | [Value of C. 100 1. 
_ [payable "the | [payable on -thej | - 
Jeath of A if B _— 2 RL | | 
; < ſurvives bim. [[urvives him, 


True 


— | Star- 


sons 
I value, 


— 


38.2 
9•81 


9.15 
19 
12.00 | 
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* rogs ** * it appears, 8 Mr. SrucesoN' 8 approxima- 
tion in the .middle ſtages of life is ſofficiently accurate; but 
that it is exceedingly defective when the life of A is very 
young. It ſhould alſo be remembered, that theſe values have 
been computed at a low rate of intereſt, and from the 
Northampton . Table. of Obſervations, in which the decre- 
ments of life come nearer to M. DE Morvaz's hypotheſis than 
in any other table. But if the computations be made at a 
higher rate of intereſt even from this table, the approxima- 
tion does not always agree fo well, as will appear from the 
following ſpecimens calculated at 5 per cent. 


* Theſe values have been computed at 3 fer cent. and from the Northampton 
Table of Obſervations, 
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- ot | 0 | Vene of ＋ Bo dajable: on the death of A 
if B ſurvives him, | according tu the Swe- 
den Table of Obſervations, and at 4 per 
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Age of 
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* * 8 to compare Mr. S: Mrsox's approximation 


8 with the true value, I have inſerted in the foregoing table a 
few computations deduced from the Sweden Table of Obſer- 
vations, in which the decrements of life are unequal. From 


theſe inſtances the approximation appears to be more defeQtive 
in proportion as the probabilities of life differ from the hypo- 


| theſis. It may be proper, however, to obſerve, that this table 


has been computed from the values of two joint lives given by 


Dr. Price in his Treatiſe on Reverfionary Payments, which. 
values cannot be found with perfect correctneſs at every age, 
becauſe given in that Treatiſe (Vol. II. p. 57, &c. and p. 144, 
&c.) only for ages that are either equal, or whoſe difference is 
| five years or ſome multiple of five as in the Northampton 


Table, or fix years or ſome multiple of fix as in the Stweder 
Table. This circumſtance may perhaps be fuppoſed to affect 
the values of the ſurvivorſhips computed from them, when the 


* Theſe values at 3 fer cent, are 21.92 and 22.78, 


1 „ 


12 lives Aker Fey each - my in a ee or. leſs degree than 
1 have been given in thoſe Fables. But by compariag the 
values of the reverſions when the ages are equal (in which caſe 
Mr. SiMesow. gives the true rule) it will be ſeen, that the 
values of the j Joint lives are ſufficiently correct for the purpoſe ; ; 
and in order to put this matter out of all doubt, I have com- 

puted the values by the foregoing rule from the exact values of 
the joint lives by the Northampton Table, and alſo from thoſe 
values which. have been deduced from Dr. PRICE 8 Tables, and 
I have found them to agree exceedingly. well *. 5 
It may be perceived, that in all the caſes of equal lives 1 


have _—_— the values of the Grvivorſhips by the e preceding | 


paring i it t with. Mr. betray 8 role, ch is in * particu- | 
lar caſe, as 1 bave already obſerved, perfectly right; for when 
the ages are equal, the chance of ſurvivorſhip muſt alſo be 
equal, aud therefore balf the value of the reverſion after the 
extinction of the Joint lives will be the true value of the 
Jiven ſum payable on the death of either A or B, ſubjeck to 
the contingency of his being ſurvived by the other life. The 
truth of this rule is ſelf. evident; nor does it at all ſeem to 
depend on Mr. SiMP$oN's ſolution in bis Sele& Exerciſes, 
That it is capable, however, of being deduced from the fore- 
1 going ſeries, may be demonſtrated i in the Moving manner. By 


*I fliall Juſt mention the following inſtances. When the age of B is 20 and 
that of A is 2 years, the value, by taking the joint lives from Dr. Pxicz's Table, 
2nd: approximating t. to the real values of thoſe lives in the manner directed by 
him, Vol. II. p. 75. of his Treatiſe, is 29. 59. When the ages of B and A are 
40 and 2, 50 and 20, 60 and 2, and 70 and 10, the reſpective values are 26. 93, 
18. 78, 21.57, and 9.08, which being compared with the values in p. 344- will 
De found to agree almoſt exactly with them, 
= | 3 
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i which! is Mr. SIMPSON'S. rule with. Dr. 


Price's correction: that is, * half the ſum multiplied by the 


« difference between the perpetuity and the value of the equal 
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The: e ages of A DF: B being viven ; to determine the value 
of the ſum 8, "papable on the extinction cf one life in- particu- 


lar, ſhould that happen after the extinQion of the « other life. TY 
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8 to become payable on his deceaſe, it is evident that this 
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payment at the end of the firſt year muſt depend on the con- 
tingency of both lives being extinct before this period and of 


B's dying lat. Retaining the ſame ſymbols, and reaſoning : as 
I have done in the ſolution of the firſt problem, this value 
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| will 1 be be expreſſed by the canon $ 2 e. - The payment of 


the ſum 8 at the end of the fecond year will depend on either 
of two eyents happening. Eirſt, that A and B both Me in 
the ſecond year after having ſurvived the firſt, reſtrained, as 
above, to the | contingency of B's having died laſt; ſecondly, 
that B dies in the ſecond year and A in the firſt year. The 
value therefore of S for this year will be expreſſed by the two 


. off . 8. . i | 
fractions S 1 + - ” Agen, the payment of 5 in 


the third year will depend either on A and B's both dying 1 in 
chat year, aud B having died /aſt.; or on B's dying in that 
year, and A's dying i in the firſt or ſecond Fears. The value 


therefore of 8 for this year will PRAL _ LEP Lat 2 4 


By proceeding in this manner for the other years the while 


value of the reverſion will be found => x — - 6=d + 1 
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values ii the preceding problems. With regard to the values 


on n Survivorſhips. 8 349 


are on the younger of the two lives Hing faſt is eafily 


obtained, by ſubtracting the value firſt found from the whole 


value of the reverſion after the extinction of both lives. 


The anſwers computed dy this rule differ rather more {66 


rr computed. by Mr. StMpsox's approxithatioii that they do 


in the preceding problem. But I am fearful of becoming te- 


dious, and therefore ſhall deſiſt from inſerting the comparative 
values in this. caſe. It may not, however, be improper to 
exemplify the truth of this dernonſtration, by ſhewing in 
what manner the ſeries may be reſolved into the plain 
ſimple rule for computing the value of the reverſion, 
The ſeries | in this caſe become 


when the ages are equal. 
8.5—. 2 8 N 


r © ef 
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The txt value of all e dſt on a 
between two lives' might be found in the fame' manner as tlie 


of reverſions depending on ſurvivorſhips between three lives, 


I am ſenſible that the ſolutions of thoſe caſes would be rather 


difficult when deduced from the real probabilities of life. But 
they certainly might be effected; and 7heſe are the more neceſ- 


ſary, inaſmuch as the ſolutions derived from the expectations 
of life are often ſo very defective as not to deſerve the name of 


approximations. 
Chathim Place, Feb. 2, 1788. 
* See the latter part of the ſolution of the ſecond problem, p. 347. 
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DEAR SIR, —5 
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VERY Gala variety having go lately i in * 
ſtructure of the human body, 1 beg leave to communi- 
cate an account of it by your means to the Royal Society, 
if you ſhould think it worthy of their notice. It happens 
by a very uncommon concurrence of circumſtances, - that 
while I am naturally led by the ties of affinity. to apply to 
you upon this occaſion, I can gratify my pride by thinking it 
is at the ſame time to the perſon who is poſſeſſed of the firſt 
reputation for his unwearied reſearches in one of the moſt ex- 
tenfive, as well as intereſting, parts of the n of nature. 
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© THERE ; is . hich ids 1 more to | Nluſtrate the "A 
powers and the wiſdom of nature than the. inveſtigation of the 


ſtructure of animals. We there find a. maſt wonderful deli- 
cacy of mechaniſm, and exquiſitely adapted to à variety of 


purpoſes. This, however, is not to be better ſeen by. following 


nature in her common tract than by obſerving her wande rings. 


In theſe ſhe often ſhews more particularly the extent of her 
powers, apd throws light on her. ordinary plans. It is ſuch 
circumſtances which give importance. or: value to the obferva- 
tion of ſingular phænomena. The variety in animal ſtructure, 
an account of which I- have the honour of preſenting to this 
learned Society, is a complete tranſpoſition in the human ſub- 
ject of. the thoracic and. abdominal. viſcera. to > the oppoſite, fide 
from what is natural. 1 


It is ſo th as rey to beni Sinn. Glen by. any of 


the moſt celebrated anatomiſts,. aud indeed has been. but very 


generally noticed at all; The circumſtance bas been men- 


tioned, but it has not been particularly deſcribed ſo as to make 


it thoroughly known, or to eſtabliſſi its certainty. It was. 


hanging in the minds of many as- doubtful, whether ſuch a. 
variety did really exiſt. There is one circumſtance that attends. | 
the account of the preſent caſe; which has not alway s hap- 
- pened in the record of ſingular: phznomena, viz. that it has 
been examined by phyficians and ſurgeons of the firſt.reputa- 
tion in this- large town, and has been in ſome meaſure open to 


the gratification of public curioſity. Such a circumſtance (were 
it neceſſary) would give the ſtamp of authenticity to appear- 


ances even much farther removed from the ordinary . of 
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gularity. 
1 appearance, and 1 began immediately to examine every 


4 \ 
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I have been at the pains to conſult many authors upon this 
" fubſe&, but with very little fatisfaftion; I ſhall not enter into 
a detail of what I have met with in the courſe of theſe re- 
fearches, but ſhall briefly notice, that when any luſus of this 
ſort is mentioned, it is commonly in a ſingle ſentence or two, 
and the trauſpoſition is not marked as univerſal, or it is a 


change iu the ſituation of ſome viſcus from diſeaſe. In ſhort; 


E have only found this ſingular luſus nature deſeribed by Car- 
Tiektus, M. Manxv, and M. DavsexToN ; but by none of 


them is it ſufficiently particular. Enough Has been faid to 


point out that they had exactly met with the ſame ſort of mon- 
ſtroſity; but many circumſtances have been omitted, which L. 
hope will be ſupplied by the pre ſent account, which I en 5 


0 immediately to lay before thg Society. 


The perſon who is the ſubject of this . was a a 


near forty years of age, ſomewhat above the. middle ſtature, 

and of a cleau active ſhape. He was brought for diſſection in 
us common way to Windmill-ſtreet. Upon opening the 
: cavity of the thorax and abdomen, the different ſituation of the 
viſcera was ſo ſtriking as immediately to excite the attention of 


the pupils who were engaged in diſſocking it; and Mr. Cavix- 
SHANE, as well as myſelf, were very ſoon informed of the ſin- 
We were much ſurprized as well as pleaſed with 


part of the change with conſiderable attention: for this pur- 


poſe, after &efiring a drawing. to be made of the appearances 


as they were found upon opening the body, I next day iu- 
jected it. The repeated diflections have furniſhed various. 
views, which are reprefented faithfully by drawings, and 
which I hope will enable me to give a tolerably diſtinct ac- 
count of this ſingular luſus nature. I ſhall not enter in my 


deſcription into unneceſſary minutiæ: this would render the 
5 Paper 


ſituated on che left - ſide, and the left auricle and ventricle on 
the 


pemandahle eee 1 the Piers 


would rather tend to obſcure what is more important to: thoſe 
who have not given ſo much attention to fubjects of this nat 
ture. It may not be improper to obſerve, that, beſides the 
tranſpoſition, i in the viſcera of this perſon, there are ſeveral 


peculiarities Which ſometimes occur. I have taken notice of 
them in my deſeription, VI OP are ** 8 


dent of the tranſ en 


1 of i thera. 


The aſi or. anterior duplicature of the pleura, &- 
parating the two cavities of the cheſt from each other, was 


ciency oppoſite to the apex of the heart; and the lung on the 
left · ſide was divided into three lobes, eracly contrary. t to what 
is found in ordinary _ 


On opening the pericardium the apex of the heart was head | 
to point to the right · ſide nearly oppoſite to the ſixth rib, and 


its cavities as well as large veſſels were completely tranſ poſed, 
What are commonly called the right auricle and ventricle were 


$53 
Paper leſs ſuited to the Society, would not convey more infor- 


mation to. perſons thoroughly acquainted with anatomy, and 


found to incline obliquely downwards to the right ſide fully = 
as much as it does commonly to the left-fide of the cheſt. . 
The pericardium too inclined obliquely to the right fide. On 
preſſing it gently away from the lungs the phrenic nerves. came 
diſtinRly 1 mto view, in their common fituation ; but t the right 
| phrenic nerve ran more. obliquely, and was longer than the 
left. The ung upon the right · ſide was divided by 2 fingle 
: oblique fiffure i into two labes, having at the ſame time a,d fi- 
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—— the right. The pulmoriaryaartery aſcended towards the right- 
| fide of the cheſt. The aorta was alſo directing its arch to the . 
right; and the vena cava ſuperior, as well as inferior, were 
ſeen opening into their auricle! on the left · ſide of the ſpine 
There was Wan remarkable i in the fize or general __— of 
the heart. 
On the euiſale ot che pts the 'tripiſpoſition of the 
larger veſſels was very: ſtriking. The longer ſab-clavian vein | 
was paſſing from the left-fide obliquely: 'to the. right before the 
branches which are ſent off from the arch of the aorta. The 
left carotid and ſub- clavian arteries were found to ariſe from 
the arch of the aorta by one common trunk; the right carotid 
and ſub-clavian ſeparately. x 
In the duplicatufe of the pleurs bebind, or "what may be 
5 called the poſterior -mediaſtinum, there was 2 change. cor- 
reſponding to what we have already deſcribed. The deſcend. 
ing aorta Was, found paſſing on the right fide of the ſpine. P be. - 
eſophagus was before i it, inclining more and more to the right | 
towards its lower extremity, and it at length perforated the 1 
diaphragm ſomewhat on the right · ſde of the f. ſpine *. The 
thoracic duct was ſeen in the middle between I deſcending 
aorta and the vena azygos in ſome places formitig a a plexus of 
ſmall branches, 1 in another dividing itſelf into two branches, 
which afterwards re-united | in a common trunk, and at length 
climbing up to terminate in the angle between the jugular an 
ſub-clavian veins on the right-ſide of the body. The recur- 
rent nerve of the parvagum on the right-ſide paſſed round the 


beginuing of the 9 aorta, and on the left paſſed round 
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4 The vena azygos was on the left-ſide of the ge opening in the common 
way into the vena cava ſuperior, which we Ken mentioned, to bo alſo 
tranſpoſed | in its ſituation, 3 


the 


large intercoſtal nerves being exactly under the ſame eircum- 
ſtances on each ſide, it was impoſſible there could be any tratiſ- 


tion, that every thing admitting of ſuch a 3 was com- 
pletely in the — 8 . 


of the din | 


ſmall lobe being towards the right, and the great lobe in the 
left-ſide. The ligaments uniting it to the diaphragm cor- 
reſponded to this change, the right tranſverſe ligament being 
longer, and the left being ſhorter, than uſual. The ſuſpen- 
ſory ligament could undergo little change, except being puſhed 


liver, ſo as to exhibit its poſterior and under ſurface, the gall 
bladder was ſeen on the left · de preſerving its proper relative 
ſituation to the great lobe of the liver, and the veſſels of the 
portæ were found upon diſſection to be tranſpoſed correſpond- 
ing to the change of circumſtances. The hepatic artery was 
found climbing up obliquely from the right towards the left, 


the other veſſels. The ductus communis cholidochus was on 


hepaticus and ductus cyſticus in the common way, and it paſſed 
obliquely downwards on the left, to terminate in the duode- 


the duodenum. The vena portarum paſſed behind the hepatic 


ne Yor. om „ _ artery 


esd Tranſpofrion 75 the Pikera. 7 35 5 
| the common trunk of the carotid and ſub- elavian arteties. The 


poſition in them. It appears then, from the foregoing deſcrip- 


The liver was N in the left bypochondriac region, the 


to the left- fide along with the liver. On preſſing upwards the 


before the lobulus ſpigelii, and entered at the portæ into the 8 
ſubſtance of the liver by two or three branches on the right of 


the left of the other veſſels, being formed from the ductus 


mw num. What was moſt remarkable, of which indeed I never ſaw | 
fo or heard of any inſtance before, it termjnated in the fore-part of 
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artery and ductus communis cholidurhur, aſending obliquely 


2 —[h:— . . — 
hem = 
4 A _ 


towards the left- ſide. N 5 


The ſpleen was ſituated in the tight: hypochondriac region, 


ils; to the diaphragm in the common way. What was 
very remarkable was, there being three ſpleens, nearly of the 
 fize of a pullet's egg, found adhering to the larger ſpleen by 

1 ſhort adheſions, beſides two other ſtill ſmaller ſpleens which 
- were involved in the epiploon at the great end of the ſtomach. 
I never ſaw ſo many ſmall ſpleens in any one ſubject. The 

5 bancreas was found on the right · ſde behind the ſtomach, run- 
ning obliquely from the ſpleen to the curvature oſ the duo- 
denum, and had its duct entering in common with the ductus 
communis cholidochus into the cavity of that inteſtine. The 


ſplenic veſſels were paffin ing along the upper edge of the pan- 


17 * 7 


1 ereas to the right · ſide, correſponding to the Change of ſituation 


in the pancreas a and ſpleen. 1 

The ſtomach was ſituated on the right-fide, partly hid * 
the {mall lobe of the liver paſſing to the left, and terminating 
in the pylorus, rather on the left ſide of the ſpine. The duo- 


denum took a moſt ſingular courſe; it firſt paſſed to the right- 


fide, behind the ſmall end of the ſtomach; i it then turned 


upon itſelf, towards the left · fide; : it afterwards took its proper 


ſweep to the right-ſide, paſſin ing behind the ſuperior meſenteric 
artery and meſaraica major vein. The meſentery began to be 
formed on the right · ſide, inſtead of the left, as in ordinary 
caſes. The ilium terminated in the great inteſtine on the left- 
fide, and there was in it a diverticulum of conſiderable ſize, a 
luſus not unfrequently occurring. The cæcum was ſituated on 
the left pioes magnus and iliacus internus muſcles. The 
trauſrerſe arch of the colon paſſed from the left to the right- 
” FS fade 


no change, as no variety could be produced by a trauſpoſition. 

The aorta paſſed between the crura of the diaphragm into 
the cavity of the abdomen, and adhered. in its courſe to the 
ſpine on the right-ſide of the yena cava inferior. i Its branches 
were directed in their courſe: correſponding | to the peculiar 


fituation of the viſcera. The ſplenic and coronary arteries 
were paſſing to the right-fide, and the hepatic artery obliquely 


to the left. The ſuperior and inferior meſenteric arteries were 
directed to the right-fide. There was no change in the ſper- 


- matic arteries, any tranſpoſition in the. teſticles (if ſuch a 
thing could take place) not being capable of affecting thera. 


The lumbar arteries could alſo undergo little change, except 


that the left lumbar atteries muſt neceſſarily, from the peculiar 
ſituation of the aorta, be the longeſt., The vena cava inferior 

perforated the tendinous portion of the diaphragm, and ad- 
hered in its courſe to the ſpine on the leſt- ſide of the aorta. 


The right emulgent vein was much longer than uſual, paſſin g 


* the right kidney before the aorta to terminate in the vena 
cava ſuperior; and the left emulgent much ſhorter, paſſing from 


the left kidney to the vena cava, which was ſituated on the left 
ſide of the ſpine. The right ſpermatic vein was found to. open 


into the right emulgent, and the left into the vena cava infe- 


rior, about an inch under the left emulgent. The vena. par- 


tarum was changed from its natural courſe, paſſing obliquely 


upwards to the left · ſide, and! its large branches, viz. the vena 
ſplenica, meſaraica major and minor, were all directed towards 


the right · ſide of the ſpine. i e i 
1 B b b 2 | There 


remarkable T ranſpoftion of * Vſcern. 357 
ſide of the body, and the ſigmoid flexure croſſed over the right 
pſoas, to get into the cavity of the pelvis. zabd, \ 

The kidnies had their veſſels tranſpoſed, as we ſhall . 

more particularly afterwards; the renal capſules had undergone 


358 D Sina! IE TION 
| "hers was no change in the intercoſtal nerve within khe 
cavity of the abdomen; nor does it ſeem to be r of 
being affected by any tranſpoſition of parts. We ſee then, 
rbat there was a complete tranſpoſition of the abdominal viſ- 
cora, each of them . its n relative firuation to 
7 okminined: the lain; organs: of "wy ee; the 
| as and blood veſſels of the extremities, but found nothing 
in them remarkable. Indeed, I had no ex pectatien of it; for 
all theſe parts are perfectly independent of thorheie or abdo- 
minal viſcera; but I did it to fatisfy myſelf and the curiofity 
of others, who might wiſh to put fuch a nee, or are 
ſuch a queſtion arifing in their minds. 
The perſon ſeems to have uſed his right- bands in prafoctties: 
to his left, as 15 uſually the caſe, which was readily diſco- 
vered by the greater bulk and hardneſs of that hand, as well 
as the greater fleſhineſs of the arm. It was not to be ex- 
pected he ſhould be left-handed; but T mention this circum- 
ſtance too, with a view. to ſatisfy a curioſity which 1 know: 
has been excited in many who have heard of this luſus. 
I have been at conſiderable pains to learu ſomething of the 
hiſtory. of this perſon. during life; but the particulars 1 have. 
heard are applicable only to the circumſtances of common men; 
having no connection with ſingularity of ſtructure, and there- 
fore, 1 think, it would be abuſing the time of the Society to 
give any account of them. One thing it may be right to 
mention is, that the perſon, while alive, was not-conſcious of 
any uncommon fituation of his heart; and that his brother; 
whom I have ſeen, has his heart pointing to the left - ſide as in 
ordinary caſes. Indeed, there was little reaſon to expect that 
we ſhould meet with any thing particular in the account of his 

7 life. 


5 


remarkable — f the Piſeera. I» 


lie. His health could not be affected by ſuch a change of 
fituation in his viſcera; nor could there ariſe from it any pecu- 
lar ſymptoms of diſeaſe. Still leſs could there be any con- 
nection between ſuch a change and his diſpoſitions, or external 
actions. He might have known that his heart was directed 
towards the tight · ſide; but if we conſider how little every 
perſon, eſpecially thoſe of the lower claſs, are attentive to 
circumſtances not very palpable,” it was ſcarcely to be expected 
he ſhould know of it. If I had met with any thing in bis life 
which was at all referable to the ſingularity of ſtructure, I 
ſhould have been very. glad to have 8 _ public: A 
TT giving an account of ef ole nf = 


1 * of { * 1 


— Gagubr * in animal ſiraGurels worth 
2 remarking, even if it ſhould not lead immediately to any uſe- 
ful obſervation; but it becomes more important if it ſhould 
tend to throw any light upon the principles of nature in the 
formation of animals. It is reaſonable to think, that nature 
ſhould follow ſome general plan in her operations. There is 
ſome effect which ſhe has in view, and ſhe will generally em- 
ploy the ſame means to produce it. In the ſtructure of any 
animal, her view is to form ſuch a combination of parts as to 
render the animal fitted for certain purpoſes. She will com- 
monly form the ſame combination where the ſame purpoſes 
are to be ſerved; or, in other words, there will be the ſame 
ſtrutture- in the- ſame ſpecies of animals. The ſame. effect 
however may be produced, without a ſtriẽt adherence to the 
employment of the ſame means, as we find to be the caſe 
* Since the above Iuſus has oecurred, 1 have ſeen, in the pofſeſhon of Mr. 
Payne, Surgeon, a foetus at the full time, with the viſcera tranſpoſed. In the 


Anatomical Collection * Chriſt Church, in Oxford, there is a heart tranſpoſed 
that had belonged to a very ſmall foetus ; but the foetus itſelf is not preſerved. 
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. 
in all human inventions, and therefore there is nen why 
nature ſhould not ſometimes deviate from ber ordinary plans. 
Aecordingly we find there 1s much variety in animal ſtructure; 
but this does not commonly | affect the animal functions. 
'U nder this reſtriction the variety is ſo great in the appearances 
of every part of an animal, that it is almoſt impoſſible to exa- 
mine any two. W of the lame + CR un L 
many differences. : 5 e 
In the bony coltipaſed of an eie we End little vitiaty in 
the extremities of bones where there is the apparatus of a joint, 
becauſe a particular ſhape is beſt adapted to a — kind or 
| latitude of motion. In other parts of the bones, where a 
difference of features is not material, there is great variety, as 
in the foramina, depreſſions, ridges, and ſutures of bones. 
The fame general; rule will apply to variety in muſcles. The 
"griodipal object is a certain inſertion. near a joint, ſo as to give 
a determined direction of motion. With reſpect to ſuch i in- 
ſertions, there is, comparatively ſpeaking, little variety; but 
there is a great difference in the bodies and connections of muſ- 
cles, which have no ſhare in the regulation of the motion. 
There is no part of an animal where there is a greater lati- 
tide of variety than in the diſtribution of blood veſſels.” The 
reaſon of it is very obvious. The only object in the diſtribu- 
tion; of blood veſſels is, to carry blood to every part of the 


| body and bring it back to the heart. The parts of an animal, 
in order to be ſupported, muſt be viſited by ſucceſſive changes 
of freſh. blood; but it ſurely cannot be an object of impor- 
tance whether the blood paſſes by one rout or another. Hence 

the variety in blood veſſels is extremely great. Still, however, 
there is a method in the deviations of nature, ſo that they 

be may 


in this particular, much variety. 


ke. 


ferent animals. a6 govt. en alls: rom: Wow 
It cannot be at All important to ds man ction of a te 


whethet it be in one maſs, or in ſeparate portions. The ſtruc- 


ture being the ſame, the ſame action will take place. Hence 


we often find the two kidnies joined together, forming one 


maſs; and not unfrequently two or three ſpleens beſides the 
common one. Neither can-it be important, whether a viſcus 


ſhould always be of the ſame ſhape, becauſe its functions do 


not depend on ſhape, but 'on ſtructure: we find — 7 


There are many of the viſcera which are apt gerbes ; 


in their functions, or by the junction of large blöod-veſſels, 
in ſuch a way as to require nearly the ſame relative ſituation 


among themſelves. This becomes alſo neceſſary i in order to 


preſerve the general ſhape of the animal. Accordingly: we 
_ find, that when any important viſcus is changed in its ſitua · 
3 tion, it affects the ſituation of other viſcera, requiring in them 


a ſimilar change. We ſaw in the perſon who is the ſubject 


of this Paper, that a change i in the ſituation of the heart and 
liver was accompanied with a change of ſituation in the ſto- 


mach, ſpleen, pancreas, and in ſbort the whole abdominal 


viſcera. This, however, is a great deviation in nature; for 
it is nothing leſs than changing almoſt the whole vital ſyſtem 
in an animal, and therefore it rarely happens. 10.3 


In ſuch a change it does not appear, that the functions can 


be affected, as they depend on ſtructure and fituation, whicly 


are both preſerved. Hence the perſon who is the ſubject of 
this Paper arrived at the age of maturity, and might have 
continued to live to an extreme old age. 


The 


1 bee 7 48d i . "" 
may be marked or * the fame: varieties Ry in Gi 


F LL 36% 8 * D 5 | | 
4 The human machine might have been canſtructed in this 
way generally, and under ſuch circumſtances what is now 


called the natural ſituation of waa would have been as ad 
lat as the preſent phænome non 


There appears to be leſs 1 8 in 2 * nee ae of 
animals of the ſame ſpecies than in moſt parts of the body. 

There is ſcarcely any difference in the appearance of the brain, 
and much leſs in the diſtribution of the berves than of the 
| bhlood-veſflels. I 
Ik bere is alſo little 3 in the argans of fouls . 1 
the mechaniſm in both theſe ia nicer, ſo that a conſiderable 
deviation would interfere with their peculiar functious. 1 

The matt common great deviativns which nature produces 
in the ſtructure of an animal are various kinds of monſtroſity, 
by which the animal becomes often unfit for continuing its 
exiſtence. Why nature ſhould in its greater deviations fall 
into a very imperfect formation, much below the ſtandard of 
her common work, does not appear very obvious. 
It ſeems that there might have been many varieties * 
| the functions could have been preſerved. Perhaps it is with a 

view to check the propagation of great-varieties, ſo as to pre- 
ſerve an uniformity 1 in the ſame ſpecies of animals. 
It has been much agitated, whether monſtroſities depend on 
the original formation, or are produced afterwards 1 in the gra- 
dual evolution of an animal. 4 = 

This does not appear to be a queſtion of much importance; 41 
nor perhaps can it be abſolutely determined. But upon the 
whole it is more reaſonable to think, that the ſame plan of for- 
mation is continued from the beginning, than that at any ſub- 
ſequent period there is a change in that plan. 
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i may be obſerved, that it is nens the 2 —— 5 5 5 
which produces the natural ſtructure, or any ** — { 
for in caſes of deviation the action is either carr 3 
ceaſes too ſoon, or is diverted into uncommon channels. = 
will explain the various kinds of monſtroſity from ** aucys 
deficiency, or tranſpoſition of parts, 
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Read May 22, 1788. 


IN a Paper, containing an account of the diſcovery of two 
ſatellites revolving round the Georgian planet, I have given 
the periodical times of theſe ſatellites in a general way, and 
added that their orbits made a conſiderable angle with the 
ecliptic. It is hardly neceſſary to mention, that it requires 2 
much longer ſeries of obſervations, to ſettle the mean motions 
of ſecondary planets with accuracy, than I can hitherto have 
had an opportunity of making; but ſince it will be ſome ſatiſ- 
faction to aſtronomers to be acquainted with ſeveral of the 

molt intereſting particulars, as far as they can as yet be aſcer- 
tained, I ſhall communicate the reſult of my. paſt obſervations ; 

and believe that, conſidering the difficulty of meaſuring ob- 


jects which require the utmoſt attention even to be at all per- 


ceived, the elements here delivered will be found to be full = 


accurate as we can at this time expect to have them ſettled. 


The moſt convenient way of determining the revolution of 
a ſatellite round its primary planet, which is that of obſerv- 
ing its eclipſes, cannot now be uſed with the Georgian ſatel- 
lites, as will be ſhewn when I come to give the poſition of 
their orbits; and as to taking their ſituations in many ſucceſ- 
five oppoſitions of the planet, which is likewiſe another very 
eligible method, that muſt of courſe remain to be done at pro- 


per 


* 


2 


per iet The oaly-» way IS left, was to e — 4 
fituations of theſe ſatellites, in any place where I could afcer- 
tain them with ſome degree of preciſion, and to reduce them 


aſterwards by computation to ſuch other ſituations as were 
__ for my purpoſe. | 
In January, February, and March, 1 1 the . 
were determined by cauſing the planet to paſs along a wire, and 
eſtimating the angle a ſatellite made with this wire, by a high 
magnifying power; but then I could only uſe ſuch of theſe ſitua- 
tions where the ſatellite happened to be either directly in the pa- 


| rallel of declination, or in the meridian of the planet; or 


where, at leaſt, it did not deviate above a few degrees from 


of them; as it would not have been ſaſe to truſt to more 


diſtant eſtimations. In October I had improved my apparatus 


ſo far as to meaſure” the poſitions by the ſame angular micro- 


meter with which I have formerly determined the relative po- 
ſitions of double ſtars *. | 


In computing the periods of the ſatellites 1 have e 


myſelf with ſynodical appearances, as the poſition of their 
orbits, at the time when the ſituations were taken from which 


theſe periods are deduced, was not ſufficiently known to attempt 
a very accurate ſidereal calculation. By fix combinations of 
poſitions at a diſtance of 7, 8, and 9 months of time, it 
appears that the firſt ſatellite performs a ſynodical revolution 
round its primary planet in 8 days 17 hours 1 minute and 
19,3 ſeconds. The period of the ſecond ſatellite deduced | 
likewiſe from four ſuch combinations, at the ſame diſtance of 
time, is 13 days 11 hours 5 minutes and 1,5 ſeconds. The 


* For a deſcription of this inſtrument, ſee Phil, Tranſ. Vol. LXXI. 


p. 500. and Vol, LXXV, p. 46. 
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cinmbiantions 5 Which! the above. quantities ate 2 mean do 


-not differ much among themſelves; it may therefore be ex- 
pected that theſe periods will come very near the truth; and, 


indeed, I have for many months paſt been uſed to calculate 


the places of the ſatellites by them, and have hitherto always 


found them in the ſituations where theſe computations gave 


me reaſon to expect to ſee them. _ 01 | 
The epochæ, from which aſtronomers may calculate the po- | 


1 of theſe ſatellites, are October 19, 1787 3 ; 5 the firſt 
19 h. 11“ 28“; and for the ſecond 17h. 22 40”. They 
were at thoſe times 76' 47 north- following the planet; 


which, as will be ſhewn in the ſequel, is the place of the 


greateſt elongation of the ſecond ſatellite; where, conſe- 
quently, its real angular ſituation is the ſame as the apparent 
one. And I have brought the firſt ſatellite to the ſame place, 

as hitherto there has not been time to diſcriminate the ſituation 
of its orbit from that of the ſecond. 


The next thing to be determined in the elements of theſe 


ſatellites is their diſtance from the planet; and as we know 
that, when the periodical times are given, it is ſufficient to 
have the diſtance of one fatellite in order to find that of any 
other, I confined my attention to the diſcovery of the diſtance 


of the fecond. As ſoon as 1 attempted meaſures, it appeared, 


that the orbit of this ſatellite was ſeemingly elliptical; it be- 


came therefore neceſſary, in order to aſcertain its greateſt 


elongation, to repeat theſe meaſures in all convenient fitua- 

tions; the refult of which was, that on the 18th of March, 
at 8 h. 2” 50”, I found the ſatellite at the diſtance of 46,46; 

this being the largeſt of all the meaſures 1 have had an opportu- 


nity of taking. Hence, by computation, it appears, that the 
7 | fatellite's 
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fatellite's greateſt viſible elongation from its planet, at the mean 
diſtance of the Georgium ſidus from the earth, will be 4423. 
It ought to be mentioned, that in the reduction of this mea- 
ſure I have uſed Mayes” s tables for the ſun, and the tables 
publiſhed in the Connoiſſance des Temps of the year 1 787, re- 
duced to the time of Greenwich, for the Georgian planet. 
Very poſſibly this diſtance might not bs taken exactly at 
the time when the ſatellite happened to be at the vertex of 
the tranſverſe axis of its apparently elliptical orbit; but, from 


7 other meaſurements, we have reaſon to conclude, that it could 
„ not be far from that * For inſtance, the gth of Novem- 
e Ober, at 15 h. 0 15%, by a mean of four good meaſures, the 


ſatellite was 44 „89 from the planet; which, by calculation, 
reduced to the ſame diſtance of the Georgian ſidus from the 
earth as the former, yo 41,33. And likewiſe, the eth 
of March, at 7 h. 45 59”, the diſtance meaſured 44, 24 
which, computed as before, gives 42,15. Now, we find, 

| when the places are calculated in which the ſatellite happened 
to be at the times when theſe two meaſures were taken, that 
they fall on different ſides of the former meaſure, and alſo on 
oppoſite parts of the fatellite's orbit; but that nevertheleſs 
they agree ſufficiently well with. the poſition of the tranſverſe 

axis which we have adopted in the ſequel. | e 

a Admitting, therefore, at preſent, that the ſatellite moves in 

q a circular orbit about its planet, we cannot be much out in f 

taking the calculated quantity of 44“, 23 for the true meaſure 

of its diſtance. And, having aſcertained this point, we calcu- 

late, by the law of KePLER, and the aſſigned period of the 

firſt ſatellite, that its diſtance from the planet muſt be 33“ 09. 

I ought however to remark, that, in this computation, a true 

fidereal period thould have been uſed ; but, as that cannot as 


yet 
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3 
. de Tl the uk inaecuracy thence ariſi ing may welt be 


excuſed; till, at ſome future opportunity, we may be per- 
mitted to repeat theſe calculations in a more rigorous manner. 


As we are tiow upon the ſubject of ſuch parts of the theory 


of planets as may be determined by calculation, it will not be 


amiſs to ſee how the quantity of matter and denſity of our 
new planet will ſtand, when compared with the tables that 


have been given of the ſame in the other planets; and in 
order to this, let us admit the following data as a foundation 


for our computation. 
The parallax of the ſun . 6 3- 
The parallax of the moon 57 11” 
Its fidereal revolution round the earth 274. 7 h. 1 
The mean diſtance of the Georgian planet from the ſun 
I 19,08 18. ; 


The mean | diſtance of its ſecond fatellite from the planet 


prod 


The periodical time of this ſatellite 1 4k 110. «i 176. 
Hence we find, that a ſpectator, removed to the mean diſ- 


tance of the Georgian planet from the earth, would ſee the 


radius of the moon's orbit under an angle of 27% 1866; and 
if 1, d, t, repreſent the quantity of matter in the earth, the 
diſtance of the moon, and its periodical time; M. D, T, be 
made to ſtand for the ſame things in our new planet and 


its ſecond ſatellite, we obtain, by known principles, M = 


a 
7555 And, conſequently, the quantity of matter in the 


Georgian planet is to that contained! in a the earth as 17,7406 12 


WI. - 


In order to caculate the denßty, I compare the mean of the 


four bright meaſures of the planet's diameter 3, 7975 to the 
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mean of the two dark ones 4,295.3 as they are given in my 
Paper on the diameter and magnitude of the Georgium ſidus, 
printed in Volume LXXIII. of the Philoſophical Tranſactions, 
2 9. 11, 12, 13. Whence we obtain another mean diameter 
4,04625 ; which is probably the moſt accurate of any that we 
have hitherto aſcertained. And let us ſuppoſe this meaſure to be- 
long to the ſituations of the earth and of the new planet as 
they were at 10 o'clock, the 25th of October, 1782; which is 

about the middle of the ſeveral times when thoſe meaſures 
from which this is deduced were taken. Then, by the tables 
already referred to, we compute the diſtance of the two pla- 

nets from the ſun and the angle of commutation; whence, by 
trigonometry, we find the diſtance of our new planet from 
the earth for the ſuppoſed 2 3 of October; and thence deduce 


its mean diameter, which is 3“, 90554. This, when brought 


to what it would appear if it were ſeen from the ſun at the 
earth's mean diſtance, gives 1” 14,5246; which, compared 
with 17,26, the earth's mean diameter, is as 4, 31 769 to 1. 
The Georgium ſidus, therefore, in bulk, is 80, 49256 times as 
large as the earth; and conſequently its denſity leſs than that 
of the latter in the ratio of , 220401 to 1 
To theſe particulars, though many of them may be of no 
other uſe than merely to fatisfy our curioſity, we may alſo add, 
that the force of gravity, on this planet's ſurface, is ſuch as 
will cauſe an heavy body to fall n 18 67 308 feet in one 
ſecond of time. 
It remains now only, in order to ** our at idea 
of the Georgian planet, to inveſtigate the ſituation of the orbits : 


of its ſatellites. I have before remarked, that when I came to 


examine the diſtance of the ſecond, I perceived immediately 
that its orbit appeared conſiderably elliptical. This induced 


me 


enabled to come at the proportion of the axes of the apparent 
ellipſis; and thence argue its ſituation. But here I met with 
a difficulties that were indeed almoſt inſurmountable. The un- 
common faintneſs of the ſatellites; the ſmallneſs of the angles 
to be meaſured with micrometers which required light enough 


to ſee the wires; the unwieldy fize of the inſtrument, which, 


though very manageable, ſtill demanded aſſiſtant hands for its 
movements, and conſequently took away a great ſhare of my 
11 own directing power, a thing ſo neceſſary in delicate obſerva- 
= tions; the high magnifiers I was obliged to uſe by way of ren- 
= dering the ſpaces and angles to be meaſured more conſpicuous; 
in ſhort, every circumſtance ſeemed to conſpire to make the 


vour; and we may eaſily judge how ſcarce the opportunities of 
taking ſuch meaſures muſt be in the variable climate of this 


| permit, which, out of about twenty-one that were taken, 
the poſition of the ſecond ſatellite” 8 orbit. 


mean time when the meaſures were taken. The ſecond gives 
the quantity of theſe meaſures. In the third column are the 
ſame meaſures reduced to the mean diſtance of the Georgian 
planet from the earth. The fourth contains the calculated 
poſitions of the ſatellite as it would have appeared to be ſitua- 


ray; and the degrees are numbered from the firſt obſervation 
ſuppoſed to have been at zero, and are carried round the circle 
from right to left. 


March 


me to attempt a as many 'rneaſures as poſh ble, that I might be 


cafe a deſperate one. Add to this, that no meaſure could poſ- 
fibly ſucceed which had not the moſt beautiful {ky in its fa- 


: iſland. As far then as a ſmall number of ſelect meaſures will 
amounts only to five, I ſhall enter into our preſent ſubject of 


The following table contains in the firſt column the correct 


ted if it had moved in a circular orbit at rectangles to the viſual 


e 


LW 


20 7 44 8| 
April 11 9 18 27 | 


| mt .9 15 Sf 15 


In the uſe of this table I ſhall N content myſelf with 
the conſtruction of a figure, and only apply calculation to the 


moſt material circumſtances. By the third column we ſee 


that 44“, 23 is the greateſt, and 3435 the leaſt, diſtance of the 
fatellite. Let therefore an ellipfis be drawn Tab. V. fig. 1. 


having the tranſverſe and conjugate diameters cp and cv, in 


the proportion of the above-mentioned meaſures. About the 


center c, with the radius <, deſcribe the circle PSF N; and 


ſet off the points March 18, 19, 20. April 11. and Nov. 9. 


according to the tabular order of degrees, beginning at p, the 
ſuppoſed zero. From theſe points to the tranſverſe draw the 


ordinates March 19 6, 20 1, April 11 x, Nov. g y. Then, if the 


ſatellite moved in a circular orbit at rectangles to the viſual 


ray, we ſhould have ſeen 1 it at the time given in the table, as 


the points are placed in the circumference of our circle; but, 


ſuppoſing the plane of the orbit inclined to the viſual ray, 


theſe points will be projected in the direction of the ordinates ; ; 
and, falling on the places pn mr o, will form the ellipſis we 


have delineated. Now, on comparing the tabular meaſures of 
the third column with the diſtances of p nmr and o from the 
center c, we find, that they agree full as well as we could 
expect; and thus, as far as a few obſervations can do, theſe 


meaſures eſtabliſh the truth of the above hypotheſis. | 
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f depart, I ſhall have recourſe to two meaſures of poſitions. The 
firſt was taken October 144. 16 h. 28/ 42”, when the ſatellite 
was 66* 3“ fouth- following the planet. In fig. 2. let gmv be 
a portion "of an ellipſis, conſtrued on the ſemi-tranſverſe cg, 


and ſemi-conjugate cv, taken as 44,23 to 34+353 MF an arch 


of a circle, deſcribed with the radius <q abvut the ceuter c; 
m the ſituation of the ſatellite in its elliptical orbit, the 14th 
of October; A its apparent, and M its real place in the cir- 
ele; Fc the parallel of the planet. Then we ſhall have, by 
calculating from the known period, the arch AM 45 177; and 
FR, by obſervation, 66? 3“. But from the nature of the ellip- 
ſis, as Ve is to ve fo is Ma (the tangent of the angle gcM to 
the radius cn) to mn (the tangent of the angle gcA to the ſame 
radius). Hence gcA is found 38; and therefore AcM 
7100. That is, when the angle of poſition was taken, the 
ſatellite appeared to be 7* 100 leſs advanced in its orbit than 
it ſhould have done, owing to its motion in an orbit whoſe 
F plane is inclined to the viſual ray. The meaſure therefore 
corrected, or rather reduced to the circle, inſtead of 66* 2/, 
will be 58* f;“ ſouth- following; to which, adding the calcu- 
lated arch 9A, and from the ſum deducting 90, we have the 
poſition gcS with the meridian 14 10“ on the ſouth-preceding 
fide. In the ſame manner I Een with the ſecond meaſure 
taken October 20 d. 16 h. 7“ 34; when the ſatellite appeared 
to be 82" 120 north - -preceding the planet. Here the arch 2M 
is 25* 21, AcM 5 9* ; and the meaſure corrected 77 3 north- 
preceding, which gives the inclination of the axis to the me- 
ridian 12 24 on the north- following fide. I have no 
reaſon to prefer either of the meaſures, and therefore take 


a mean of both, whach 1 is 13 17 from ſouth- preceding to 
3 north- 


That we may have a point in our ellipſis from which to 
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north-following the meridian, as probably neareſt the truth; 
and this poſition of the axis we may ſuppoſe to belong to a 
time which is about the mean of thoſe from which it has been 
deduced ; or October, 17d. 16 h. 
We are, in the next place, to find the angle which the 
plane of the meridian made at that time with the plane of 
the orbit of the Georgian planet. To this end we calculate its 
longitude and latitude for the given time. Then, in fig. 3. 
| where & NE is part of the ſolſtitial colure, ac a portion of 
the orbit, and g of the ecliptic; there is given the arch NE, 
23 28'; Ec, 89* 27 49“, 2 the complement of the planet's 
| latitude; and the angle s Es, 27* of 52 2, or planet's diſ· 
tance from Cancer. By theſe we find the angle EcN between 
the circle of latitude Nc and the meridian Ec 11 11 417. 
Now, let c, in fig. 4. be the place of the Georgian planet, 
and Gac a part of its orbit; er part of the ecliptic ; Ne tlie 
cl meridian; & the place of the planet's aſcending node; p gg 
the poſition of the axis of the apparently elliptical orbit of the 
Nl ſecond ſatellite; EcN the angle of poſition of the Georgium 
"= fidus. Then, by calculation, for the above-mentioned day we 
have ge, the planet's diſtance from the node on its orbit 44 8“ 
17”; c8s the inclination of its orbit to the * 46' 157; 
and gc a right-angle; whence Ecg go? 33' 10“, 1 the ſup- 
plement of the angle c is found; from which, taking the 
angle of poſition Nek. before obtained, we have the remaining 
angle, NcG, 79 21“ 29% 1; or inclination of the planet's 
orbit to the plane of the meridian, which was required. 
From the proportion of the tranſverſe cp, fig. 1. to the con- 
jugate cv, we calculate the angle vpc, which may be either 
acute or obtuſe. For here I muſt take notice, that obſervations 
cannot immediately determine whether the ſatellite, in paſſing 
from p through m v to , be in the fartheſt or neareſt part of 
Dddz its 
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its orbit; as we ſhall preſently ſhew that this orbit is not in a 
ſituation to permit the ſatellite to ſuffer either eclipſes or oecul - 
tations for ſome time to come. The angle vpc, therefore, if 
the arch pvg be turned towards us will be 129% 2“ 46% 5; but, 
if directed the contrary way, 50% 57 13% 5. There is one cir- 
cumſtance which will bring on a diſcovery of this particular, 
without waiting for eclipſes; for if the apparent ellipſis of the 
ſatellite's orbit ſhould contract in a year or two, we may con- 
clude this arch to lie towards the ſun; if, on the contrary, it 
opens, we ſhall know that the ſatellite has paſſed through one 
of its nodes about eight or nine years ago; and that, therefore, 
ve muſt not expect to ee it . for more than thirty 
* to come. | 
. Now, having already e! the W of the axis 
i with reſpect to the meridian, by adding the angles Nep and 
Ne, fig. 4. we obtain pen, 92 38“ 29%, 1; and having alſo 
now calculated the ambiguous angle nße, we may reſolve the 
quadrantal triangle pcn, in which the angle cp gives the in- 
clination of the orbit of the ſatellite to the orbit of its planet, 
Which will be 9939 48”,9, if the ſatellite be approaching 
to its aſcending node; but 80˙ 20 15 if it be lately paſt 
the deſcending one. 
In the ſame mne we find the ide uc, which is either 
50 59 0% 8 or 129 &' 59,2; and taking theſe quantities, in- 
| creaſed by fix figns, from the longitude of the planet in its 
orbit, gives the place of the ſatellite's aſcending node upon the 
orbit of the planet, either 8 8. 6 2 0% 3, if the preceding 
arch of the orbit pmn, be concave towards the ſun; or 
5 8. 1800 17,9, if it be convex. 
Theſe elements obtained, we reduce them to the ecliptic by 
reſolving the triangle & um, in which we have n, 40' 13” 
4 18 
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#8 the diſtance of the aſcending node of the ſatellite from the 
_ deſcending node of the planet 6* 50” 43,8 or 84 52 42% 1; 


and & n m, the inclination of the ſatellite's orbit to that of its 


planet 99 39” 49“, 9 anſwering to the former, or 80200 11,1 


to the latter. In conſequence of this reſolution, we have the 
place of the n node of the ſatellite upon the ecliptic, 


1 8. T7 3 = „ uho- its inclination to the ſame 


12 43 43 +4 3} 'The orbit being ſituated fo, that when the 


planet 0 be 1 in the aſcending node of this ſatellite, which 


will happen about the year 1 578. the northern half of it 


will be turned towards the 1 35 at the time of its meridian 


. paſſage, 


reſult of them muſt be conſiderably affected by any {mall alte- 


ration in the meaſures upon which they are founded; the gene- 


ral theory, however, will certainly ſtand good, and a greater 
perfection in particulars could not have been obtained, unleſs I 
had waited ſome years, at leaſt, in order to multiply good ob- 
ſervations. But with objects that are out of the reach of com- 


mon teleſcopes, and which therefore cannot be much attended 


to, even by our moſt aſſiduous aſtronomers, a general theory 
will perhaps nearly anſwer all the ends that may be * 
. 

The meaſures of the diſtances were taken by a good parallel- 
wire micrometer, contrived fo that one of the wires, which is 
moveable, can paſs'over the other; by which means central 


meaſures may be obtained with more accuracy than by allowing 


for 


In juſtice to the e 8 I ſhould add, that the 7 


= Hzxschri. on the 
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for the thickneſs of the wires, the aſcertaining of which is 


liable to ſome difficulties in other conſtructions; but here, as 


we can note the diviſions on the firſt appearance of light at 
either ſide of the fixed wire, when the moveable one paſſes 
over it backwards and forwards, we may very conveniently 


determine that part of the ſcale to which the zero ought to 


_ anſwer in central meaſures. The value of the ſcale was aſcer- 
tained by the tranſit of ſtars over the two wires opened to a 
certain number of diviſions, and a chronometer beating five 
times in two ſeconds of mean time; and in a number of ſeve- 
ral ſets of experiments, the mean of each ſeldom differed ſo 


and theſe are large enough to be ſul -divided and read off, with 
good exactueſs to tenths; and yet the ſpace anſwering to each 


much as the 50odth part of a ſecond of ſpace for each diviſion, 


part amounts only to 282 milleſimals of a ſecond. The mea- 


tunities would permit, and a mean of them has been uſed. 


The light of the ſatellites of the Georgian planet is, as 


wo may well expect, on account of their great diſtance, uncom- 
monly faint. The ſecond is the brighteſt of the two, but the 
difference is not confiderable ; beſides, we muſt allow for the 
effect of, the light of the planet, which is pretty ſtrong within 
the ſmall diſtances at which they are revolving. I have ſeen 
ſmall fixed ſtars, as near the planets as the ſatellites, and with 
no greater light, which, on removal of the planet, ſhone with 
a conſiderable luſtre, ſuch as I had by no means expected of 
them. A ſatellite of Jupiter, removed to the diſtance of the 


its preſent light; and may we not conclude, that our new 
ſatellites would be of a very conſiderable brightneſs if they 
were brought ſo near as the orbit of , and thus appeared 


180 


ſures of the diſtances alſo were as often repeated as the oppor- 


Georgian planet, would ſhine with leſs than the 1 80th part of 
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| is times brighter than at preſent ? Nay, this is only when 
we take both the planets at their mean diſtance ; for, in their 
.oppoſitions, a ſatellite brought from the ſuperior planet to the 
orbit of the inferior one, would reflect nearly 250 times the 
former light; from all which it is evident, that the Georgian 
fatellites muſt be of a conſiderable magnitude. 
If we draw together the reſults of the foregoing calculations 
into a ſmall compaſs, they will ſtand as follows: 
The firſt ſatellite revolves round the Georgian Planet 3 in s 
** 17 hours 1 minute and 19 ſeconds. 
Its diſtance is 35”. 
And on the "9th 4 October, 1787, at 19 f. 110 28”, its. 
poſition was 76* 43” north-following the planet. 5 
The ſecond ſatellite revolves round its primary planet i in 1 * 
days 11 hours 5 minutes and 1,5 ſeconds. 
Its greateſt diſtance is 44% 23. 
And on the 0d. of October, 1787, its poſition | at 17 h. 5 
22 40%, was 76* 43 ' parth-fallowing the planet. 
Laſt year its leaſt diſtance was 34“, 35; but the orbit i is fo 
. inclined, that this meaſure will change very conſiderably i in a 
few years, and by that alteration we ſhall know which of. the 
double quantities put down for the inclination and node of its 
orbit are to be uſed. 
The orbit of the ſecond ſatellite i is inclined to the ecliptic "7 


2 43 43 ar}. 


44 
Its aſcending node is in { 


18 degrees of Virgo - L 

6 degrees of Sagittarius 

When the planet pafſes the meridian, being in the node of 
this ſatellite, the northern part of its. orbit will be turned 
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The F of the orbit of the firſt ſatellite does not cem A 1 
to differ materially from that of the ſecond. 1 I 
We . ſhall have eclipſes of theſe ſatellites about the” "year 


7 7). when they” will appear to aſcend through the ſhadow 


oe. the planet almoſt in a perpendicular direction to the ecliptic, | 
The ſatellites of the Georgian _ are ** not l 


than thoſe of Jupiter. 4 

The diameter of the new planet i is 34217 1 Fi 
| * ſame diameter ſeen from the earth, at its mean diſtance, IE 
is 4. 90554 | a fox 


From the un, at the mean diſtance of "at n | 
"i 16 „5246. 51. . 8 3 2 Ol 
Compared to that of the earth as 4, 31769 to 1. 
This planet in bulk is 80, 492 56 times as * as the c carth. 
Its denſity as ,2 20401 to 1. 
Its quantity of matter 17, 7406 12 to 1. ä 8 
And heavy bodies fall on its n 18 feet 8 inches in TR = 
ſecond of time. | 
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XXIII. Experiments on the Formation of Volatile Alkali, and on 
the Affnities of the Phlogiſticated and light Inflammable Airs, 
32 William Auſtin, M. D. Fellow of the College of PR-. 
Clans; 3. . 9 Charles * M. D. Sec. R. S. 


8 8 Read May 29, 1. 5 


N the former part of the year 1787, I undertook. to exa- 
mine the elaſtic fluid produced upon decompoſing volatile 
alkali by the eleQric ſtroke, as firſt ſuggeſted by Dr. PrresT- 
LEY. Some alkaline air being thus decompoſed, and all its 
inflammable part ſeparated by combuſtion in glaſs veſſels in. 
verted in quickſilver, J obſerved a conſiderable remainder of 
 phlogiſticated air; and after many accurate experiments was 
fully convinced, that this phlogiſticated air had made a part in 
the conſtitution of the alkali. This diſcovery induced me to- 
make a variety of ſynthetical experiments on the phlogiſticated 
and light inflammable airs, with the hopes of forming volatile 
alxkali from its ſimple elements. In this undertaking I alſo de- 
rived much affiſtance from the ingenious labours of Dr, 
PrIESTLEY; who, in the courſe of bis experiments, had been 
repeatedly ſtruck with the ſmell of volatile alkali from ſub- 
| ſtances not ſuppoſed to contain it, and had pointed out ſome 
important phenomena attending its production. But baving 
acquired a more perfect knowledge of its conſtituent parts, I - 

was enabled to produce volatile alkali in a more fimple manner, 


and more demonſtrative of its elements, than he had done. 
Vor. LXXVIII. E e e | - 
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1 was not — when J h:d theſe eh in hand, | 
| that the firſt object of my inquiry, the decompoſition of volatile 


alkali, and analyſis of its parts, had been ſucceſsfully treated 
by the celebrated M. By RTHOLLET; and that his obſervations had 


appeared in Rozizn' s Journal ſome months before. To him 
therefore 1 gire up that part of the ſubject; and ſhall confine 


myſelf in the following obſervations to ſome experiments on 
the formation of volatile alkali, and on the affinities of the 


phlogiſticated and light inflammable n which have not, 1 


beide, been hitherto taken notice of. 


Firſt, I endeavoured to combine the phlogiſticated and light : 


inflammable airs, by mixing them together in various propor- 
tions in their elaſtic ſtate, and adding to them ſuch ſubſtances as 
1 thought likely to promote their uniting and forming an alkali. 


With this view, I threw up to the mixture of theſe airs, ma- 


rine acid air, the marine and vitriolic acids, to which I alſo joined 


alkaline air. I tried the effect of cold upon theſe mixtures, 


by applying to the tubes containing them cloths moiſtened 


with ether. I even paſſed the electric ſpark repeatedly through 


them, though with little probability of fucceſs. Laſtly, I 


| decompoſed alkaline air, and tried to reunite the identical parts 
which formed it by ſimilar additions; but I could not perceive, 


that in any inſtance volatile alkali was produced from its two 
conſtituent parts mixed together in their ſimple aẽrĩform ſtate. 


appearance of volatile alkali had been obſerved by Dr. PrIEST- 
LEY and Mr. Kixwan before we were acquainted with its 
conſtitution, and by M. HavssMan fince this difcovery of 
M. BexTHoLLET. An experiment was exhibited before ſeve- 


ral Gentlemen at Sir JosEen Banxs's Houſe, ſome years ago, 
in 


# 
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Yet it is well known, that theſe two bodies unite very rea- 
| dily, when they are not in an elaſtic ſtate. An unexpected 


oe 0 
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in which: the quantity of volatile alkali produc | is. very. ms. 
markable. In this experiment. few ounces. of —_ tin 
are moiſtened with ſome moderately. ſtrong. nitrous acid, and 


ounce of fixed alkali is mixed with them. A very pungent 
ſmell of volatile alkali is immediately perceived. The experi- 
ment ſucceeds equally, if lime be uſed inſtead of fixed alkali. 


Any perſon, who moiſtens a drachm or two of filings « of Zing 
with a ſolution: of cupreous nitre, and, after they begin to act 


on each other, adds to them à little ſalt of tartar, will -find 


volatile alkali to be produced. Nitrous acid, or cupreous nitre, 
mixed with iron filings, ſulphur, and a little water, and kept 
in a cloſe veſſel for ſome hours, yields à ſmell of volatile 


alkali; and if a piece of paper, ſtained with a vegetable blue 
ſubſtance, 'be thrown into the veſſel, it will, in a ſhort time, be 


turned to a green colour. 4 1n each of theſe experiments the ni- 
trous acid and the water are decompoſed. Dephlogiſticated air 
from each of them combines with the metal, and their other con- 
ſtituent parts, the phlogiſticated air of the acid, and inflam- | 


mable air of the water, being diſengaged at the ſame inſtant, 
unite and form volatile alkali. Many other ſimilar experi- 
ments might be mentioned; but theſe are abundantly ſuffi - 


cient to prove, that if phlogiſticated and light inflammable air 
be preſented to each other at the inſtant of their ſeparation from 


ſolid or liquid ſubſtances, and before their particles have re- 
ceded from each other, they readily combine and generate vola- 
tile alkali. 2 
That theſe wo ſubſtances 90 —_ combine in their elaſtic 
ſtate, ſeems to be owing principally to the inflammable 
air. When theſe two airs combine, it ſeems neceſſary that 
they part with a certain quantity of that fire to which they 
we ther elaſticity ; and that, unleſs their attraction to each 
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after they have ſtood together 4 minute or two, about half an 


other 
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other el their atttaction tu fire; they wp not unite. B ren 


hien they are combined in the form of volatile alkali, if heat 


be applied, they immediately recede from each other, and the 
alkali is 


have receded from each other, as in the atriform ſtate, their 


attraction to each other is ſo diminiſhed by the diſtance of 
their parts, that their attraction to fire, which is uniform, 
ply prevails, and keeps them in a ſeparate ſtate. The ſpecific gra- 

vity of inflammable air deing eleven times leſs than that of phlo- 


giſticated air, the diſtance' of its particles muſt be greater than 


the diſtance of the particles of phlogiſticated air in the propor- 


tion of V1 11 to 1, if the elementary particles of the two airs 
be of equal magnitude; and its effect, on this account, in 
15 diminiſhing attraction muſt be greater than that of phlogiſti- 
| cated air, in the proportion. of, or more probably as the N e 
of, thoſe numbers. | 3 8 ThE 
Whether it be admitted, that ſite thus bidde wich other 
ſubſtances, and is ſeparated from them by their mutual attrac- 
tions, according to the general law, is not further material to 


the preſent enquiry, than as it accounts for a circumſtance 


which ſeems to be eſtabliſhed by the following experiments; 
namely, that the combination of the phlogiſticated and inflam- 
mable airs, and the formation of volatile alkali, depends 
chiefly, if not altogether, on the approximation of the parts 
of inflammable air, when A air is prefented to 


them. 
Into a cylindrical glaſs tube, filled with, and averted in, 


quickſilver, I introduced ſome phlogiſticated air, and after- 
wards ſome iron filings moiſtened with diſtilled water. By 


this 


is decompoſed. When they are not in an acriform ſtate 
their attraction to each other is greater, on account of the 
proximity of their parts; it is then ſuperior to their attraction 
to fire, and therefore they combine; but when their particles 
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this arrangement light inflammable air, which i is given out 
from water in contact with iron filings, meeting with phlo- 
giſticated air at the inſtant of* its extrication, , combines with it, 


and forms volatile alkali. In-order to dete& the minute quan- 


tities of volatile alkali, which were thus generated, I fixed to 
the inſide of the glaſs tube a ſmall piece of paper, ſtained 


with the rind of the blue raddiſh. The vegetable blue was 


in twenty-four hours changed to a green colour. As an addi- 


cupreous nitre, expecting to ſee its colour converted from 


ſatis factoty demonſtration of the formation of volatile alkali. 
Water and iron filings mixed together yield inflammable air; 


but if this be given out in contact with phlogiſticated air, vola- 


tile alkali is produced. In theſe circumſtances a donble attrac- 


ſeems by theſe compound affinities to be much more rapidly 


be uſed inſtead of the phlogiſticated, all other circumſtances re- 


maining as in the former experiment. When I have made uſe 
of nitrous air not well freed from its acid, by which the vege- 


table blue colour has been turned red, a ſufficient quantity of 
alkali has been generated in twenty-four hours to change it to 


a green. If iron filings and water be expoſed to nitrous air 


for a conſiderable time, the nitrous air is ſo altered that a can» 
dle burns in it with increaſed brightneſs, as was obſerved by 
| Dr, 


ry 


tional proof of the production of volatile alkali, I kept in the 
| ſame tube ſome paper, which had been dipped in a ſolution of 


green to blue, by the alkali which was to be produced. The 
green paper became gradually paler, and in a few days the 
blue colour appeared. This experiment affords a very 


tion takes Place: one part of the water is attracted by the iron; 
the other is attracted by the phlogiſticated air ; and the water 


decompoſed, than when iron and water are mixed by themſelves. 
Volatile alkali is formed in a very few hours, if nitrous air 
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mation of the alkali, which depriving the nitrous air of its phlo- 


> giſticated or" leaves a 88 e of Na rwe 
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colours employed as teſts of the alkali ; but the change i is very | 
| evident 1 in a day or two. Hence we may conelude, that when- 


| E earth, volatile alkali is formed. Phlogiſticated air is preſent 


for the frequent appearance of volatile alkali in the earth, par- 


; ; eme productions, as alſo i in animal and vegetable ſubſtances. 


This method therefore ſeems to have miſled that great che- 


ſuppoſe, that the quantity of phlogiſticated air in the atmo- 
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This experiment alſo facets + in ape. air, though 4 
kobe time 1s neceſſary to produce a ſenfible alteration in the 


ever iron ruſts in contact with water in the open air, or in the 


in all parts of the terraqueous globe, and operations are con- 
4 ſtantly going on, by which inflammable air is ſeparated from 
water, and perhaps from other bodies. Thus we may account 


ai 


ticularly where inflammable matters abound, among coals and S i 


When iron, water, and ſulphur act upon each other in 
atmoſpheric air, volatile alkali is produced. The eudiometer 
recommended by SCHEELE is, for this reaſon, incorrect. Some 
phlogiſticated air diſappears, and volatile alkali is formed. 


miſt in his analyſis of the atmoſphere, and induced him to 


ſphere is only 21 times that of dephlogiſticated air. 
There is a combination of light inflammable air with ſul- 
- phur forming hepatic air. It has been obſerved by the cele- 
brated Mr. KIRw AN, that if nitrous air be mixed with he- 
patic air volatile alkali will be formed. T have often repeated this 
experiment, and marked the formation of the volatile alkali by 
the change of the vegetable Woe to a green colour. In hepatic 
air 
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_ them, and generates volatile alkali. _; 


giſticated air, as in the atmoſphere, or combined with it as in 
nitrous air, it will i in either caſe unite with the gravitating 1 mat- 
ter of light inflammable air, provided this ſubſtance be pre- 
ſented to it in a ſtate of condenſation; but if the circum- 


preſented to the inflammable at the inſtant of its extrication 


- 


liven water and iron. 
The proportions of the Jhlogiſticated and mail airs in 


volatile alkali, as diſcovered by calculation, approach very near 


* Since theſe experiments were made, J have found that this is not the caſe. 
The ele&ric ſpark decompoſes hepatic air, and leaves a quantity of inflammable 
air equal in bulk to the hepatic air very nearly. However, as the inflammable 


From all theſe experiments it follows, that whether pb 
giſticated air be in a ſtate of purity, or mixed with dephlo- 


ſtances be reverſed, the ſame combination does not take place. 
No union is formed between inflammable air and the phlogiſti- 
| cited part of nitrous air, even though marine acid be added, 
which, by its attraction to dephlogiſticated air, would contri- 
bute to decompoſe the .nitrous air, and by its attraction to 
volatile alkali would tend to Unite its conſtituent parts: or if 
to light inflammable air we add nitrous air and i iron filings, 
no combination enſues; though it has been often obſerved, 
that. volatile alkali is readily generated, when nitrous. air is 


| air teaves the ſulphur upon the application of the electrical ſpark, it ſhould ſeem, 


that the proper matter of inflammable air is more diſpoſed to combine with fire 
than with ſulphur; which may be the reaſon why hepatic air is decompeſed by 
nitrous air, while pure inflammable air is not affected by i it. 
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= than ti are in their fimple atriform ſtate *, and there, © 
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| * to the refit of Mareen experiments. Ir we take 
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* "hip. 2 Wenne — 5 


tze ſpecife ents of | theſe” Urs,” |, in "Mie. Kinwar's 
late publication, * 1 


100 cubic 2 contain 155, 16 grains of alias air. 


1 


ä — 5 30,535 — of phlogiſticated air. 
— — - — 2,613 — of inflammable air. 
According t to M. BerTHOLLET alkaline air is expanded upon 


decompoſitiom from 1,7 to 3.3. Its ſpecific gravity after de- 


compoſition muſt therefore be leſſened in the ſame proportion; — 


and 100 cubic inches will, be found to contain only 9,355 
grains of alkaline air thus expanded. In what proportion muſt 
the phlogiſticated. and infſammable airs be, 1 in end to * a 
mixture of this ſpecific gravity? _ 
Let x repreſent the number of grains of ohlogiſticated a air 
in 100 cubic inches of the mixture: then 99355 =# will ex- 
preſs the number of grains of inflammable air. As the weight 
of one cubic inch is to a cubic inch, ſo will the weight of 
either air in the mixture be to the cubic inches of that air in 


the mixture; and cherefore 222538 the weight of a cubic inch 
of phlogiſticated air, or which 1 1 the ſame, 30535 ſhall be 


to 1, as x is to LES which muſt be the. number of cubic 


inches of phlogiſticated air in 100 cubic inches of the mixture; 
and the weight of a cubic inch of inflammable air, that is, 


2, 61 2 Js 55—4 
—, or 02613: 1-88 9, J55—x: * 1 1 the cubic inches 


of inflammable air in 100 cubic * of the mixture. Thus 
we have an expreſſion for the cubie inches of each air; theſe 
two quantities taken together are equal to 100 cubic inches by 
fyppolione. We have then, | 
4 rea 
x 8 230535 
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- 94355—*. _ 100; 


| - 430535 a4 „02013 


2:85654925—30535x _ 
BY 026013 _ = 39,5353 


& 261324 285654925 = ,30535 #= 79787955: FF? 
Re V% a 2, 58669 % % T 
x=7,373 the number of grains of 
phlogiſticated air in 100 cubic inches, or in 9355 grains of 
the mixture ; and 99355 = 7.57 3. = 1,982, the grains of inflam- 
mable air, 
Nou 7.373 21,982 :: 
cated air is to that of inflammable, as 121 to 32. 


According to M. BAR THOLLRT's experiments, the quantity 


of phlogiſticated is to that of inflammable air, as 121: 29. 


This is not very wide of calculation. If we conſider the great f 
difficulty of obtaining theſe ſpecific gravities with exactueſs, : 


we muſt be pleaſed to find ſo near a concurrence, and place 
more confidence in experiments on the ſpecific gravities and 


| combinations of atriform bodies, than has generally been yew | 


| them. M. BxRTHOLLRT's experiments come within ½ of 
calculation; and this difference will be diminiſhed by two- 
thirds, if we take the ſpecific gravities of the phlogiſticated 
and inflammable airs' in the proportion of 11 to 1, as he has 
done, inſtead of Mr. Kixwan's proportion, which 1 have fol- 


. in a this calculation. 
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* Edward Waring, M. B. . R. 4 


Er the equation & „ oi * 1 =) I. beg 1 — 


. X * 18 pat bþ 9 ia ib. SS 
wh xd 2 Lk Sagar a, gmt geb=is bt 4 22 1 . 
„5 N 5 N Kc. r KC A. "The. 
figns + and - 'proceet - alrernarely dy pairs unto the term. 


Jo : 


af, The coefficients of all the terms 'to:the O - 


tioned 6) will be gi, orb; they will be Nr, When 


=o, Where o or, 244d % an 


even number; but —1,if 2 be an uneven numbers f in all other 
caſes they will beo. 


3 The numbers 1, 2, F, "WE 12, 1s, 22, a6, 355 40, &. 
ſubtracted from h may be collected from the addition of the 
numbers r, I, 3, 2, 5, 3, 7, 4, 9, 5, 11, 6, &c. which 
conſiſt of two arithmetical ſerieſes 1, 3, 5, 7, 9, 11, &c. 
Y, 2, 3, 4, 5, 6, 7, &c. intermixed. | 
2. The ſum of any power () of each of the roots in hs 
equation A=o will be S S (in), where S(m) denotes the ſum of. . 
all the diviſors of the number n, if u be not greater than . 
Cor. Hence (by the rule for finding the ſum of () powers 
of each of the roots from the ſum of the inferior powers and 


co- efficients of the giveh equation) may be dedured S. 
8 | ST ” þ5 


4 — e 289 
Ss . —t)-oS(m—2) +75, - 9 80 She 
* = (f S- -S SC - +8(» = 12) 
486215) — 86 — 22) 8 2004 &c. which is the pro- 
perty of the ſum of diviſors invented by the late M. EukRR. 

Cor. By ſubſtituting for 8 (n= i). 8-2), &c. their 
values S(m = 2)+S(m—3) —- S(m—6) -S(m—8) + &c., 
8 ( 3) 78 (- 4) 8 ( 7-8-9) + &c. &c. in the 
given equation 8 (n) = S(m—1) + S (m—2) = S(m—s5) 
—S$(m—7)+&c. may be acquired an expreſſion fur the ſum 
8 (m) in terms of the ſums of the diviſors of numbers leſs 


than 1, 2, &c. - the ſame method may be uſed far : 


a ſimilar purpoſe in ſome of the following propoſitions. 
Cor. By the rule for finding the ſum of the contents af 
every Cn) roots from the ſums of the powers of each of the 
roots may be deduced the equation = 1. 2 3.4. 


oro=1=m K ee 21 oy S(3) 


=M.M—1. 2 2 . == s Oe. 
* . 11 | =. s (00% = &c. 
in wekich the ſum of the diviſors of any number mM is expreſſed 
by the furs. of the diviſors of the inferior numbers m=— 1, 
m—'2, &c, and their power. If v be an eren number, then 
I. 2. 3. . will have the ſame fign as the col efficient; 
36 unenen, the cantrary; but if the co-efficient o, then will 

the cantent 1. 2. 3. . vaniſh, The lay of this ſeries * 
8 given i in the Meditationes Algebraicæ. 

3. Let I be the number of different ways by which the ſum of 
auy two numbers 1, 2, 3, 4. . #—2, m1, can become 
n; H' the number of ways by which the ſum of any three 
of che above-mentioned numbers can make m; H“, H,“, H/, 
&c. the number of ways by which the fum of any "9 five, * 

Ff f 2 | . 


390 *Dr. „. Wanine on ſome Properties if i the 
| &c. of the above-mentioned. numbers i is = m n reſpectively; aha 
will HA H! HE &.==1or0. Let . 


5 4%; 1 | 2 


and it will hes 1 Or u. des, as. 2 is an odd af even _ 4 
(RR. all achat ait will * 
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+. Let the equation be's = . * —1 1 1 — 1 
| 2 1. . I . Ac. of — — Pal + gat 
8 — &c. S 1 oa bat 410 
Is Al. T N= — = 25 —19 ＋ 2 —20— * 23 + 2 . 
, &c=A'=0; the ſum of any power 
2 of each of the roots in the equation A. o will be S/ (1) 
here 8. (m) denotes the fam of all the prime ien of the 
number m, and m is not greater R 
Cor. Hence, by the rule before · mentioned 85 (m)= 85 0 — 1) 
8 (2) — E (m - 29 S*(m — 8) ＋8“ (m—10) +S/(m—1 19 
2 8˙( 12) — 800 16) + S' (m—17) = S'(m=19). — 
80 20) + S' (m = 23) — 28“ (m — 24) + oo —0) + 
 $(m=275)=S'(m-28)+8 (m= 29), K. 
If in this, or the preceding, or fubſequent n wack 
86 Y, or 8. (m—r), or & (m-), becomes 8 (o), or 8“ (% 
or 8 (e); for S (o), or $' (o), or S (o), always ſubſtitute r. 
Cor. Let L be the co- efficient of the term ] then, by 3 
Abs above- mentioned feries contained | in- the Meditationes Al. | 
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their powers. web 601 J 8 
Cor. The co- efficient L= "Y difference. between aw" two 


reſpective numbers of different ways that m can be formed 
adding the prime numbers 1, 2, 3, 5. 7. 17, We 194 & be 
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_ one . and the other A 2. 
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. Let an be = Wo 
7 


* m, that can be found amongſt the numbers a, G, y, J, &. 
2. The co-efficient of the term a= 
: beteiben. the two reſpective numbers of different ways, that 


the even numbers contained in 4, G, , , &c. ;. the other not. 
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PART 


* 


5 2 i hr =... Kc. = 


x — pat! + 7 — — = rata! + &c. = x — oo 1 —21 5 4 1 
- K ·1 &c.=B= o, of which equation all the co- 
ada are the ſame as in caſe. the firſt, and conſequently 


i or © to the term N 


2. The ſum of any power / x m of each of the roots of the 
equation Bo will be & (n), where S (m) denotes the ſum of 


the diviſors of mn, which are diviſible by 4. 


1 i - a - 


2 diviſors of the numbers , N 2 m, * 


r & c. o; then will the ſum. of the 
(n) powers of each of its roots be the ſum of all the diviſors 


will be the difference 


the number (n) can be formed from the addition of the num 
bers a, G, 9, J, &c.; the one containing init an odd number of 


Cor. 


- 
2 
Z iro —— n TY, %e . i < * — 


* — LI * 4 
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—_ 3% Dr. Wha ann: Beret the 
Com Hence ) = N DDS 24) N a | 
$(w.= 710) = 120).+ Sim =, 1 gl) = SU = 2 . 
8 ( 260 + &c.; — law of the W has been Wren wy 
Out 5. 
c Rhe fore: of all FI of m not diroiGble by les 
Sen) S(n)z5S () S( J) (SC N — 6 
—-S(m -5)-S' (n= 55) (Sp) (vin 71 Yee. 
A fimilar rule may be predicated of the ſum of the * hh 
not diviſible by the numbers a,:b,.c, d, &c - for the ſum of | 
the diviſors of the number (n) diviſible by , We, e, ic, 
hes a, I, c, d, e, &c. are prime to each, other 3 ( 
Sen) S K- (SCS 4: 
Dee (ut) . S. Y S * i) (n + &c.)) + 
(9X (w) + S954 (m4 $1014 (wm) + S. + S*++(m) + 


(Smt (4+ eh (SN 


Tc.) - &c. l the ſum of all the diviſars of m.. . divide 
ble by 2, 6, 6, >, 6, ec. roſpectively added together, the ſum 
of all the divifors of n diuiſible by the products (ab, ac, be, &.) 

0f any-two-of the quantities 4 A, c, d, &c. the ſum of all 
the diviſors of m diviſible by the contents (abc, abd, acd, bea, 
&c. ) of every three of the quantitzes a, 6, c, d, &c. = the ſum of 
all the Ae. of 7 Ferro er contents of every four of | 


conſequently 8 (#) — * 18 the fans 8 A, 
The principles given in the former parts may be an to 
this, aud extended to equations of which the factors have the 
formula ] and from the ſum of the inferior powers of 

each of the roots, and the  co-efficients may be collected the 


ſum of the ſuperior; the fame may be performed by the co- 
efficients only, &c. 
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diviſible by a g x 80 +ſum of all. the * of « not di- 


viſible by g. a 


2. 8 (a * ) x 9 (6) +-ſarn-0 of all the diviſors of G divi-+- 
 fible by / but not by a. 


3. e needed &.) + ſum 


of all the diviſors of GX Y, &c. not diviſible by a= - 
a NS (YK Je, &c.) I ſum of all the diviſors of. g K * 4 
e, &c. not diviſible by aa x ſum of all the diviſors of 
9x Ix, &c. not di- iſiblie: by PzwxP S, &c) ++ 
ſum of all the diviſors. of N ee, &c. not diviſible by 
Aa x ſum of all the dłWiſees f "a xs, &c. not diviſible -: 


by. GTA x x ſum of Au the Qivitorsof Þ 5, &c. not diviſible. - 


by y=ax8xyxixsS (e, Ste, fum of all the diviſors of - 


of 7d, &c. not diviſible- by. 329 * ſum of all the divi- 
- ſors of de, &c. not diviſible by +4 x xy x ſum of all-the..- 
diviſors of e, Kc. not diviſible *by :3=&c. The- law of the - 
ſeries is. manifeſt. The letters a. O, , d, Kc. which are not 
contained between the parentheſes, denote prime numbers. 

Cor. If ſome of the letters a, G, 7, J., &c. be ſuhſtituted 
for others, and others for them, the - equations reſulting will 
be juſt, and conſequently many new equations may be deguced. 

If in the preceding equations. for S be wrote S', and for the 
ſum of all the diviſors of a certain quantity not divitble by a 
prime number (a, or G, or 7, &c.) be wrote the ſum of all 
| | | the 


SN xe, &c. not diviſible By +4 x ſum of all the diviſors 


/ f 
: * 
2 
. þ $ 
1 
” N 2 FI 
1 | 
L , 
1 
. * 7 


* 
a 2 4; 
Pts . Pg 
> - — - — — 5 2 
— ** as. 3 "> = OY —_— JA _ W #2 © I 1 1 11 a — — 1 
— ” _ 2 — CT * 2 4 N 4 "_ — 1 
2 4 7 — * © . — * E p- 
” * s - *_ * 0 . - . 
9 , 4 , „ h 
8 * , , 8 % . ” a : 
1 = a 2 - = 
. . . . . a OR , - F * * PET TIF l _ 2 4 — 9 / * 7, XI" : Ro” — 8 _ 
* © * * 3 "Pe FREY W A __— 8 va : - R 5 3 * a * 3 * r N FJ 5 LE ah, n a 4 8 4 — 7 8 * r = "RE. e . 
r * _ 2 5 = — : 4 1 1 ” . 7 T3 + Bec A Po . 8 2 hate. 
= — ³ ³ Fa. ns — ar gs — — — — — - I - PF N „ ths. wy 
* ; — — * — _— +4 l p oo * i ad * 
* h = £ _ —_— — : l - BL 


8 


* 2 7 * * bo k . * E Ee * 2 K 7 2 "FT" 1 H —_— 
N * ** m7” it W IP a * * ö 8 5 , 
* #7 wy k "4 * vo - 
oy : CO % * 
U * "i . 
„ . * 
L 
= — = 
* 3 5 
— # 5 
— 
% = 
* 4 
A :, — * N 
Sha 3 1 
— * 
* 
+ 
| E. 4 


12 
1 


» a 


g Waise, 


» Y 


the diviſors of that quantity not diviſible by the ſame prime 
number, but divifible by ; 


7 1 
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*. Experiments on. the ProduSion of art heal Cold. By, Mr. 
ichard Walker, Apothecary to the Radcliffe Infirmary at Ox- 
ford. 1 a Letter.to . Cavendiſh, Ih: * A. . 


al | 


Read June 55 ag? 


yd HE Royal 8 N been pleaſed to ION among 5 

J their Tran ſactions for laſt year, an account of ſome ex- 
5 periments of mine, relating, t to the: production of artificial 

- cold, tranſmitted.in_ a letter. f from Dr. non, I am induced 
to mention a few 1 have made ſinoe. 405 

| Your zealous attention to this ſubje&, vaſes whoſe auſpices 
this, as well as other branches of. natural philoſophy, hath. 

received conſiderable i improvement, will, I hope, apologize "uy 


the liber 1- have. taken in „e, myſelf to you, e 


5 5 owing,to thoſe. eee. your excellent Papers have 
incited in me. 3181795 
My moſt powerful figorific mixture ische followinge 33 15 % 
QF; ſtrong fuming nitrous. acid diluted with water; (tain or | 
diſtilled water is, beſt) in the proportion of two parts of the 
former to one of the latter, each by weight, well mixed, and: 
cooled to the temperature of the air, three parts: of vitriolated 
natron (GLAvBeR's falt) four parts; of nitrated ammonia 
(nitrous ammoniac). three and a half parts, each by: weight, 
reduced ſeparately to fine. powder: the -powdered: vitnolated 

Vor. LXXVIII. Gg g | natron 


wa poſſible, and. ufed freſhly powdered. | "Theſe ſcem to be the 


* 396 * Warkus g Rar fois on cb. 
natron is to be added to the diluted acid, the mixture well 


ſtirred, and immediately afterward the powdered nitrated am- 


2 monia, again firing the mixture : : to produce the greateſt 
8 effect. the ſalts ſhould be procured : as dry and tranſparent 48 


beſt proportions when the temperature of the air and ingre- 
dients is +50* ; as the temperature at ſetting out is higher or 
| lower than this, the quantity of the diluted acid will evi- 
dently require to be proportionably diminiſhed or increaſed. 
This mixture is but little inferior to one made by diflolving 
ſnow i in nitrous acid, for it ſunk the thermometer from + 32 


to - 20? ; perhaps 1 it may be poſſible to reduce the ſalts to ſo 
fine a powder as to make it equal. In this laſt experiment the 
diluted acid was equal i in quantity to the vitriolated natron, 
being four parts each, the nitrated ammonia three and a Half 
as before. A powder compoſed of muriated ammonia (erude fat 
ammoniac) five parts, nitrated kali (nitre) four parts, mixed, 


may be ſubſtituted in the ſtead of nitrated ammonia, with 1 


nearly equal effect, and in the fame proportion. 
Cryſtallized nitrated ammonia, reduced to very fine Wale 7 
ſunk the thermometer, during its ſolution i in rain-water, forty- 
eight degrees, from + 563; the temperature of the air and ma- 
terials, to 4 8e; and when evaporated gently to dryneſs, and 
finely powdered, it ſank the thermometer forty-nine degrees, 
to +7%, the temperature of the air and materials being as be- 
fore at +56*: therefore, 1 in this ſalt (which produces, as ap- 
Pears above, much greater cold during ſolution in water, than 
any other hitherto known) the water of cryſtallization is not in 
the leaſt conducive to that effect. I expected, that by diluting 
the ſtrong nitrous acid to the proper ſtrength with ſnow, in- 
ſtead of. water, by which its temperature would be much 
; reduced, 
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 Produftion of arti ain a 


88 and then adding the ſalts, a much greater — of 
cold might be produced; but, by various diverſified. trials, I 
found but little advantage gained; I ſhall therefore forbear 
mentioning the particulars. In the courſe of this winter, 
ſome diluted nitrous acid, in a wide-mouthed Phial, was im- | 
merſed in a freezing mixture; when cooled to about — 322, it 
froze intirely to the conſiſtence of an ointment, when the ther- 
mometer ſuddenly roſe to 2*; on adding ſome ſnow that lay 
33 me, it became again liquid, and the mercury ſunk into the 


* — 
__ 
= . 
d 


bulb of a thermometer graduated to - = 76% I know not its 


exact ſtrength; but by the effect i imagine it might correſpond 
nearly with that which is capable of the eaſieſt point of ſpi- 
rituous congelation. Cold, I have found, may be produced 
by the union of ſuch ſalts as on mixing are decompoſed, and 
become liquid or partially ſo. The mineral alkali produces 
this effect with all the ammoniacal falts; ; but with nitrated 
ammonia to a conſiderable degree. The mineral alkali added 
in powder to nitrous acid, diluted as above, ſunk the thermo- 
meter twenty-two degrees only, from 535 (temperature of air 
and materials) to 31% This falt contains nearly as much 
water of cryſtallization as vitriolated natron, and produces ; 
more cold during ſolution in water than that ſalt. The reaſon 
why it produces leſs when added to acid than the neutral falt 
does, is perhaps ſufficiently evident. 1 have obſerved the ther- 
mometer to be ſtationary, or even to riſe, during the violent 
efferveſcence produced on mixing thoſe ee, and to ink 
as ſoon as that ceaſed. 3 | 
Vitriolated natron diflolved indifferently 1a rectified ſpirit of 
wine, and produced neither heat or cold; the diſpoſition to 
produce cold, during its ſolution, being perhaps exactly coun- 
teracted by the tendency which the diſſolved falt bath in 
6g 2 5 uniting 


M Ante ] 


(a falt very funilar to-vittiolated natron) duriggfolation-in the 


falt: the mall difference there is between them, asto:this 


„ 


water in its cryſtals. ar 
Vitriolated natron, liquified by 15 va nee 2 7 hen 
its temperature was reduced to 7055 it became ſolid, and the 
thermometer immediately roſe to 88 (eighteen degrees) its 


F 


in a great meaſure: for its producing ſuch intenſe cold during 


ſlolution in the diluted mineral acids? Two falts, vitriolated = 
_ argtlaceous earth (alum): and tartarized natron (Rochelle falt), 


each contain nearly as much water of een as vitrio- 
Lated natron ; but Produced neither of them an) 
effect during ſolution in the diluted nitrous acid; the Jattvr 
made the thermometer riſe : neither did their temperatures in- 


date. 1. 
From the vices application of- artificial Eigene mixtures 
to uſeful purpoſes, in hot climates eſpecially, where the inha- 


bitants ſcarcely know by the ſenſe of feeling winter from ſum- 


- mer, it may not be amiſs to hint at the eafieſt and -moſt 


ſtrong vitriolic acid, dilated with an equal weight of water, 


the proportion when the demperature ſet out with is ＋ 50, 
„ | and 


ay Aka with the cpitit to produee bun. Witrielated —— 
diluted nitrous: acid produeed nearly 8 much cold as that 


effect, may be "owing * to the ee amend _ 


N point. Does not the quantity of ſenſible heat evolvel 
is ſalt, in becoming ſolid, indicate its great oapaeity or 
eat, in returning to a liquid ſtate,” and conſequently / account 


ereaſe, like that ard in changing from. a ra. od to a folid 


economic - method of uſing them. For moſt intentions, 
perhaps, the following cheap one may be ſufficient: of 


and cooled to the temperature of the air, any quantity; add to 
this an equal weight of vitriolated natron in powder: this is 


— fink the thermometer to 5 22 Weder the quantivy 


And: beſt method of finding the neceſſary quantity of any ſalt 


to produce the greateſt effect, by ſolution in any liquid, at any 


given temperature, is by adding it gradually until the thermo- 
meter ceaſes to fink, ſtirring the mixture all the while. 


Af amore intenſe eold de required, double aqua fortis, as it i is 
* "called, may beufed; vitriolated natron, in powder, added to this, 5 
produces very nearly as much cold as when added to the diluted 
nitrous acid: it requires a rather larger quantity of the ſalt, at 
the temperature of 4 50, about three parts of the {alt to two 
parts of the acid: it will ſink the thermometer from that tem- 


perature nearly to o, and the conſequence of more ſalt being 
required is, its retaining the cold rather longer. This mixture 


has one great recommendation, a faving of time and trouble. 
A little water in -a phial, immerſed in a ſmall tea- cup of this 


Warm temperature, the cold produced will be -ſufficierit / to 


tion of the ſalt. A mixture of vitriolated natron and diluted 
nitrous acid funk the thermometer from 7 en of 
air and ingredients) to + 10*. 


The cold in any of theſe mixtures may be kept up a long 
time by occafional additions of the ingredients in the propot-- 
tions mentioned. A chemiſt would make the ſame materials 


ſerve his purpoſe repeatedly. 


udn f ile Cold. wy 5 


of the falt muſt: be eee mereaſed. The obvious 


4 mixture, will be ſoon frozen in ſummer; and if the ſalt be 
added in cryſtals unpounded to double aqua fortis, even at a 


freeze water or creams; but if - diluted with one-fifth its 


weight of water, and cooled, it is about equal to the diluted 
nitrous. acid above mentioned, and requires the fame propor- 


Equal parts of muriated ammonia and nitrated kali in po- 
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der make a cheap and convenient compoſition for producing 
cold 


1 3 
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1 . Waixzn's Experiments en the 


cold by folution i in water; it will, by the ai manage- 
ow freeze water or creams. at Midſummer. '. -- + 
June 12th, 1787, a very hot day, I poured Ss us, 
wine meaſure, of pump water, at the temperature of 500 (it 
18 well known that water at ſprings r retains n; the ſame tem- 
" perature. winter and ſammer, vix. about 50*, to which tempera- 
ture the water may be reduced during the warmeſt weather, : 
by pumping off ſome firſt). upon three ounces, Avoirdupois | + 
weight, of the above powder (previouſly cooled by immerſing f| * 
_ the veſſel containing it in other water at 50%, and after ſtirring 
| the mixture its temperature was 14; ſome water contained in 
a ſmall phial, immerſed in this mixture, was conſequently 
ſoon frozen. This ſolution was afterwards evaporated to dry- 
_ neſs, in an earthen veſſel, reduced to powder, and added to the 
_ fame quantity of water, under. the ſame circumſtances as be- 
fore, when it again ſunk the thermometer to 14. Since that 
time I have repeatedly uſed a compoſition of this kind for the 
4 purpoſe of producing cold, without obſerving any diminution 
n itseffet after many evaporations. The cold may be cecono- = 
mically kept up and regulated any length of time, by occa- 
ſionally pouring off the clear ſaturated liquor, and adding freſh 
water, obſerving to ſupply it ee with as +: moch of the 
powder as it will diſſolve. 2 
The degree of cold af which water begins to FRI has bien 
obſerved to vary much ; but that it might be cooled twenty- 
two degrees below its freezing point was perfectly unknown to 
me until lately. 1 filled the bulb of two thermometers, one 
with the pureſt rain-water I could procure, the other with 
pump water; the water was then made to boil in each, until 
one-third only remained: theſe were kept in a frigorific mix- 
ture, at the temperature of ＋ 1055 for a much longer time 


2 than 


128 


Þ, , a 
* 
> 


- Produition if arti fea Cold. 
: than I * neceſſary to cool the water to the ſame tempe- 


water in either of them freeze. Theſe were likewiſe ſuſ- 
pended out of doors, cloſe to a thermometer, during the late 
froſt, and the water never obſerved frozen. On' March the 


22d, at ſix in the morning, the water in each remained un- 


frozen, though the tubes were 1 ſhaken, the thermo- 
meter ſtanding at that time at 23˙. There appeared to be little 
difference with reſpect to the degree of cold neceſſary to freeze 
the water, whether the tube of the thermometers were open 
or cloſed in vacuo (which was very nearly effected by ſuffering 
the water to boil up to the orifice of the tube, and then ſuddenly ; 
ſaling it) or not, but unboiled water in the ſame fituation 
: froze i in a higher temperature. 


. 


i any. kind will diſpoſe water (cooled below its freezing point) 
te become ice; but I have repeatedly cooled rain - water and 
pump - water, boiled a long time, and unboiled, in open veſſels 


£ 30? or lower, and have conſtantly ſucceeded, after trying 

other kinds of agitation in vain, by ſtirring, or rather ſcraping . 

gently, the bottom and ſides of the veſſel containing the wa⸗ 
ter to be frozen, when after ſome ſhort time ſmall filaments of 


ice appeared, and by continuing this motion about every partrof 


the veſſel beneath the ſurface of the water, about tuch thirds 


of the water commonly froze. A ſlender, printed * 1 
uſed for this purpoſe. 


I have the honour to be, &c. 
RICH. WALKER. 


| Oxford, March 27, 1788. 
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krature; and by repeated trials I found it was n to lower 
the temperature of the mixture to near +52, to make the 


It is commonly ſuppoſed, I believe, that — agitation of 
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| A more intenſe cold be prod 5 by a intim of, falts 
in water in ſummer, than can be produced by a: mixture of 
ſnow! aud ſalt in winter. To rain · water ſix drachms (by 
ö weight) I added fix drachms, of itrated ammonia reduced to 
a very fine powder which made the thermometer ſink ink 
 +$50% ( temperature of the materials) to 4, then adding fix; 

drachms of mineral alkali very finely powdered. the thermo- 
meter ſunk to — =7* fifty-ſeven degrees. It is obſervable; that 
= the latter. there are two.cauſes concur'in producingthe ef: 
_ the liquifaction both of the ſnow: and ſalt; but in the experi- : 
ment juſt mentioned the liquifaction of the ſalts only. 
_ - Vitriolated natron, aſter it had given out its water of cry- 
0 ſlallization by expoſure to the atmoſphere, produced no change 
of temperature by ſolution in the. diluted nitrous acid. but 
during ſolution 1 in water produced * as did wie, tbe mi- 
neral alkali, | 
Bo 1 have ſince my laſt * F ankENRET“ 8 eee on dhe 
freezing. of Water, related in Vol. XXXIIL of the; Philo- 
ſophical Tran ſactions; but as mine ws." in e degree: 1 IL; take 
no farther notice of them. ia 
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| HE Following: account of che iaiſtru 


Friends in the month of March laſt, will, I hope, appear 


ſafficiently intereſting to be ebmmunicated to >. the learned der : 


ny, over which you ſo Ad preſide. . - a 
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pillar, 61 inches long. Tt. -conſi ſts of the following! pe par u. 


glaſs 
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An eld 


and diſpoſed i in t. c 5 ſame plane, 1 1⁰ that a revolving plate B m 
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paſs very near them, without touching, g. Fach of the 7 is 
vo inclies in © ter adjuſting pieces behind 


7 21 


Two fixed, plates of braſs | „A "and ©, are ſeparately i in war 


two inclies in diameter; and they 158 a 


which ſerve to place them accurate 
D is. a braſs ball, likewif e.of 


tvy 5 
22 282 ce © DEE +» Op 2 


two inch es < ameter, fixed on 
the extremity of an axis t that « carries the plate B. Beſides the 


more effential purpoſe | this ball Is intended to anſwer, it is ſo 
1 ll 5D WL Don in 
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Plate 1. fe. 3. . repreſents che apparatus  fupporied” bn | on a2 


ly in, | e requited poſition. 
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| loaded withit on. one fide, that it ſerves as a Aa 5 
F- the revolving plate, and enables.the axis to remain at reſt in any 
i Poſition. The other parts may be diſtinctly⸗ ſeen i in fig. 2. The 
"— ſhaded parts repreſent metal and the White repreſent. varniſhed 
FX glaſs; ON is a braſs axis, paſſing through the piece] M, vrhich laſt 
ſiuſtains the plates N and C. At one extremity is the ball D 
2 already mentioned; and the other i is prolonged by the addition 
of a glaſs ſtick, which ſuſtains the handle- L and the piece 
GH ſeparately a E, F, are pins riſing out of the fixed 
plates A and C, at unequal diſtances from the axis. The croſs- 
piece GH, and the piece K, lie in one plane, and have their 
ends armed with ſmall pieces of barpſichord-wire, that they 
may perfectiy touch the pins EF ; in certain points of the revo- 
lJution. There is likewiſe a pin I, in the pieet M, which 
intercept ' a ſmall wire proceeding from the revolving; plate B- 
The touching wires are ſo adjuſted, dy bending, that when 
the tevolving plate B is immediately oppoſite the fixed plate A, 
the croſs- piece GH connects the two fixed plates, at the ſame time 
that the wire and pin at I form a communication between the 
* plate and the ball. On the other hand, when the 
reyo olying: plate is immelliately oppolite the fixed plate C, the 
| ball becomes connected with t this laſt plate, by the touching of. 
th e piece k againſt F F; the two plates, A and B. having then 
no connection with 2 any part of the apparatus. In every other 


4 * 


poſition the three 4 and the ball will be perfectiy uncons 
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nected with each other. | 
, io 25 a "explained 7 in dhe aft 


1801 5 {1 —. 4 I. 
Mr. Cava diſcovery 
BAKERIAN Lecture that 512 minute differences of electriza- 
th cannot be 


i tion in bodies, w er occalioned | by art or nature, © 
completely deſtroyed 1 in any definite die, may. be applied to 
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e n e "Tees drachen, When the fe: 
aud B are oppoſite each other, the..two fixed. pl: es A and 8 & 
may be conſidered. as one maſs; and the revolying, p * B. te 4 
. 
ther with the ball D, will, conſtitute, angther maſs, All the 
experiments vet made concur to proxe, that theſe two "9 Þ 
1 


wil, not polfeſh the. ſame eledtric ſtate ; * that, y 


Aates 2 he; Gmple.: and without any weren. 1 
the maſles were remote from, each other; but as that 33 15 


the caſe, a part of the redundant electricity will take the form 


L132 (034 


7 of a charge in the oppoſed plates A and B. From other expe- 


In inch, is ſuch chat they, require, to, produce a n nteho 
ßity, at leaſt one hundred time 


Would have produced it in either, ſingly and apart. The 
dundant electricities in the maſſes under condiments will 


1 unequally. diftributed-: the plate A will have about 
_ pinety-nine parts, and the plate C one; and, for the fame res- 


ſons the revolving plate B will, have ninety, nine parts of the 
oppoſite electrieity, and the ball D one. 


trieity in B acts upon that in * and produces the contrary 
Nate, by virtue of; the communication between C and the 


ball; which laſt muſt therefore acquire an electricity of the 


fame Kind with that of the reyolving plate... But the rotation 
again deſtroys the contact, and reſtores B ta 3 its firſt ſituation 


"apy A. er, if we attend to the effect of the whole 
H hh krevo- 


niments 1. fd that, the effect- of the compenſation, on. plates 
oppoſed, to sach other, at the diſtance. of, one; fortieth Par of 


the quantity of electricit 0 vs : 


Lhe rotation, by de: | 
Kroying: the conteſts, realen this unequal diſtribution, 59g 


n the ball with ks plate C. 4 this Compton. the * 
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Wi, the ball be e connected with the lower part of Benner” . 


5 „ add the plate A with the upper part, and any 
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Wbhimubicatien Produced an equal mutation in the ele&tri 


mentation of ; theſe increaſed quintities and 
b ning g wilt footi bring the intenfities to their 
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tl is ranch of n tural: philoſophy.” An attention to brevity, 
ry to forbear enlarging” upon them. 


electrotnteter 
K electricity be communicated to the eleckrometer, while 
tlie poſition of the apparatus is ſuch” that the croſs-piece. GH 


wuches the two Pins; ; 2 very few turns wilt render it- percep- 


tible. But here, as well as in the common doubler, the effect 
18 rendered uncertain by the condition, that the communicated 


eleAricity muſt be ſtrong enough to deſtroy and predominate 
7 over 


0 wy 4 5 bor "the 9 . 
© part of i —ong in | 


5 . the ball. 25 K Tecond rotation will, of courfe, produce 
4 propo portiohal av c 
- Con tin uance _ 
a, wt E f. eat ben de 
ro eter; A 
elpetially that of BEAN, theſe effects will be very: -elearly ſeen. 
The park 1 i ufa Produced by. 4 nuinber of turns between 
aud che electrometer ir ſenfibly acted upon 


n the adjuſtment of the plates. 
i Alteted, chefe are fome' Vatiltions in the! effects, net diffeult 
= - e reduced to the general principles, but ſufficiently curious. 
| Ws xcite the meditations of perſons the moſt experienced i in 


Wal 
00 
i! 1700 


1 * 71 "0 — 1 $ | 
- = a Al . * & 1 2 7 A. —_ ; \ 1 7 "IR 
et 4 * P * . N p * 4 ts 4 I 


IE! 


. 
| # 


* in 4 
2 
"OE 


hk 34 1 


— — 


1 N . 


Pr 


_; Pikes. Thane. ol. LXXVINL 734. VL. p.4 


= 
— —- 


* 


24S opt Yor he TIN 
\ "a 4 r 


8 


— — 


N x . - ae 


—— — — 
* — — —— — — 


— 


— ———— td — 
— — — 6 


” 49 


N _ by Map © At 9 As. — Yoo fans * 
\ L 2 * . _— 2 * + - * « . 1 5 

* 7 ' \ l 5 * * £ wi > _ F >. — 2 ” A —44 | ; 
\ wv 11 \ WIT 4 =, nn , LY RP: 21 * E. 


% + 


- 2 
x 
1/5 i 
* 3 


7 


® 1 . . * 7 | * | 
hi * 4 KP . * * f 
9 A 


— RC SO OR 


— 


—— — — — 


| 


| 
{ 
| 


= 
© Ir —ꝶô³tD — — — 


„ — —— ͥ — — IE 


— 


ele r RT 3 — " 


2 - t ? o bow — — $44 A. a Petite wen ASD ern > < «i Hs — —D— o¶ „44 er Res >: 6: — — —— 


* 


an electrical Inflrument. 


its operation, and the unequivocal nature of its reſults, 


L have the honour to be, &c. 


. 407 
ever any other electricity the plates may poſſeſs. I ſcarcely 
need obſerve, that if this difficulty ſhould: hereafter be removed, 
the inſtrument will have great advantages as a multiplier of 


electricity in the facility of its uſe, the very ſpeedy manner of 


w. NICHOLSON. 
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xXxyn. 22 A* a Revi r " the Bubbaletes, 7. hermombse It 
ter, and Namn at Exndon in Rutland; wih the Rain in 
Hampſhire and Surrey, in 1787. Alſo ſome Arcount . 
Annual Groth of Trees. By Thomas — Eff. Con- 
3 ” Thomas White, Ef. F. R. S. 
e | Read June I2, _ 
E S "Barometer. | — Thermometer.” "3 mm 
4 SS. | In the Ho] * "Abroad, = wn. - 3 
| [Eyndon| sel- |Fyfield.|S.Lam- 
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The year begin dry, with but little and moderate froſt, and 


proved a pleaſant and open winter: as February approached 


it grew mild, was fine, forward, and drying, and continued 
forward all March, but more ſhowery the beginning and end of 


that month. With April the weather turned colder; eaſt and 


north winds the firſt three weeks ſtopped vegetation, and after 
a ſhowery latter end of the month. May had to much cloudy 


weather and cold winds as blaſted the apples, and hindered the 
growth of graſs; but being dry was not unpleaſant, and ſuited 


the grain very well, which proved good. 


The bees were remarkably forward in drones this year, 


which they had the middle of April; but the cold winds and 


cloudy weather afterward ſo hindered their working, that they 


killed their drones in May, and were backwarder the beginning 
of June than they had been ſeveral weeks before. 


There were ſeveral froſty mornings in May, and one on the 


7th of June, ſo ſharp as to kill the young ſhoots on ſome of | 
the oaks and aſh trees in the meadows. The ſeaſon was in 
general dry the firſt half of the year, and the crops of hay 


were light. It was a very cool fummer; what hot weather 


there was came toward the end of June, the beginning of 


July, and beginning of Auguſt. 


July 6, a very ſhowery ſeaſon began, which contiaved with 


but few intermiffions to the end of the year, and was more 


remarkable for the frequency than the quantity of rain, which 
was not very great here. This made great plenty of graſs 
and turneps ; but was very troubleſome in hay- time and har- 


veſt, yet more hindering than real hurting. The wetteſt 
months were July, October, and December. The chief fair 
fits were a hot week in Auguſt, and a clear froſty week at the 
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Mr. Banxzn on the - | 


full moon in November. The latter part of the ſ ummer was 


very cool, the autumn mild, and not very froſty ; but fome 
great ſtorms, and in the countries where they had more rain 


than we, there were great floods. At the full moon in De- 


12 


= 8 O 


Girth. 
5 In: 
1758 13 
1758 185 
1758 41 
1744 . 20 
= | 


On the-annual growth of trees. 


cember there came a week's froſt and a large ſnow, which 1 Was 
not quite gone at the end of the year. 


Oaks. 
| Girth. Rate. Girth. Kate. | 
In. ä In. Tas © 
m2 9 — wh 4a „s 
1992 33 m1 : 1% 2 * 
*“ 
— — — 1787 156} 1.3 
20096 36 ene eee ee 
-- 3965 46: an eee eee 
1772 934 1.25 1787 1091 1.1 
1772 14) 1 2787 1644 1.2 
2765 49 1.2 178) 74 1.1 
1772 | 99 1.1 1787 115 1.1 
c 9 ME 29 
1765 991 1.0 1787 1201 1.0 
1705 45 1.1 1787 64 9.9 
1772 117 1.0 1787 130 og 
1770 132 0.6 1585 1464 1.0 
1770 1311 og 1787 145 ©.8 
1772 101 0.8 1787 109 os, 
1765 582 0.8 1787 69. 0g 
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Man o uns 
38 1744 28 1765 
m4 = uM 
oO 1744 46 1758 
1744 48 1758 


As I do not remember to have ſeen any particular account of 
the annual growth of trees, I here ſend an abſtract of ſome 
obſervations I have made on a conſiderable number, for a 
good many years back ; and have diſtinguiſhed in the table the 
different kinds, and placed the moſt growing firſt, 
Vol. LXXVIII. 111i Except 


. 


412 2 Mr. Bank ZA on the 
Except the two firſt aſh trees, I find the growth of oak aid 
aſh to be nearly the ſame. I have ſome of both forts planted 
3 at the ſame time, and in the fame hedges, of which the oaks 
are the largeſt, but there is no certain rule as to that. The 
common growth of an oak or an aſh is about an inch in girth 
8 in a year; ſome thriving ones will grow an inch and an half; 
the unthriving ones not ſo much, ſome probably leſs than any 
| here, for I choſe in a general to meaſure thoſe that ſeemed 
= thriving. | 
CEGrent trees grow more Aber! in a year that ſmall ones; for 
jf the annual growth. be an inch, a coat of one · ſixth of an 
inch is laid on all round, and the timber added to the body 
every year is its length multiplied into the thickneſs of 
the coat, and into the girth, and therefore the thicker the 
E”.- as is, the more timber is added. The body of No ꝗ is ꝙ feet 
long, the DD under the bark above 1 3 feet, the thickneſs of 
the coat 2 of an inch or r of a foot: then g x 13 * , is one 
foot and fix-tenths of timber added in a year to the bode, beſide 
the increaſe on all the branches, and it has a very great head; 
one limb ſquares 20 inches, and is itſelf equal to a moderate 
= 

The hedge i in which Ne 4. grows was pled | in 166 5, pro- 
bably the tree is not older than that year it has therefore in- 
creaſed in girth about 1.3 inch every year ſince it was ſet. 

The oak, No 5.1 believe ſowed itſelf; and I did not know 
there was ſuch an one till about the year 1740, when the 
hedge being cut, the tree was tound, and might be then 20 
years old or more. 

The two aſh trees N* 20. and 21, grow —— faſter than 
any of the reſt, but are neither of them handſome growing 
trees. N' 20. has ſeveral ſeams where the bark is parting from 


the 


annual Growth F Trees, 413 


the wood, and are likely to be dead fides. Ne 21. was about 
as thick as a walking-ſtick in 1730. It does not grow round 
and ſmooth, has no dead fide, but ſeveral deep furrows i in it, 
ſo that theſe two trees ſeem to 6 grave faſter than they can * 
well. . - 
In 1733, Ne 23, was about as thick as a TOY ſhaft. 
The elm, Ne 37. was planted with the quick in January, 
1756, and cut down to the ground as that was. It is a kind 
of witch elm, which grow faſter than the upright ones, and 
with great round heads. Ne 38. is fo far like a witch elm, that 
at ten feet high it parts into a great head; but it grows much 
ſtraighter and handſomer than that” kind of tree generally 
does. 5 
| Planted trees at a diſtance from the hedge ſeem not to grow 
fo large as ſown trees in the hedge : whether from the check 
the roots receive in tranſplanting, or that the trees not in hedges 
are more rubbed by the cattle; perhaps both cauſes concur 
when the trees are tranſplanted large ; but trees ſet in quicks, 
when very ſmall, do not ſeem to be hurt by it. I have ſome 
| oaks ſet with the quick, and a row of acorns was ſome years 
after ſown againſt it; but in between forty and fifty years they 
have not overtaken the planted ones in fize; the ſown ſeem 
however inclined to be taller trees than the planted. 
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| TI their computation of time, the Arabs, and other Maho- 


XXVII. On the Era of the Mabometans, called the 
Hijerd * ( . By William Marſden, Ef. 
F. R. 8. and A. . 


| Read June * 27 88. | 


metan nations, reckon by a year which is purely lunar. It 
þas no reference to the ſolar revolutions, and 1s of courſe un- 


connected with the viciſſitude of ſeaſons. The purpoſe of - 


its adoption appears to have been chiefly religious, for the re- 


gulation of faſts and ceremonies, rather than of the civil 
concerns of the people. Perhaps a conſcious i ignorance in mats 
ters of ſcience might have determined the inſtitutors to prefer 
a period whoſe limits were marked and obvious to the ſenſes, 


to one whoſe ſuperior accuracy depended upon aſtronomical 


calculation; and it may alſo be conjectured, that their habits of 


life rendered the adjuſtment of the tropical year leſs intereſting 
to theſe turbulent and wandering fanatics, than to nations 


whoſe attention was directed to agriculture and other peaceful 


arts. 
The era of the 8 called by them the Hejerà, or 


Departure, is accounted from the year of the flight of Maho- 


As this mode of ſpelling the word differs from that commonly followed, it 
may be proper to obſerve, that the Arabic letters of which it is compoſed are 


H, J, r, d or ab, and that the ſupplied vowels are to be pronounced ſhort. 
2 | 


met, 
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met, their prophet, from Mecca, in Arabia Petræa, to Me- 
dina, at that time called Yatreb,, which was the thirteenth 


of his pretended miſſion, the year of Chriſt 622, and of the 
Julian period 5335. This event, but little memorable in 
itſelf, and deriving no celebrity from the circumſtances imme- 
diately attending it, was, eighteen years after, diſtinguiſhed 
by the Caliph Omar, as the criſis of their new religion, 
and eſtabliſhed as an epoch, to which the dates of all the 
tranſactions of the faithful ſhould have reference in future (a) *. 
Previous to this, the people had been accuſtomed to compute 
from the commencement of a particular war, the day of a 
remarkable battle, or other occaſional event of importance to 
their little communities (5). Accordingly, ManoMerT is ſaid 
to have been born in the firſt year of the era of the Elephant, 
fo called from an attack on the city and temple of Mecca, by 
a king of Abyſſinian race, in which thoſe animals were em- 
ployed; and twenty years after this, the impiaus war, in 
which the animoſity of two contending tribes occafioned 
them to violate the ſacred. or interdicted months, appeared of 
conſequence fufficient to give riſe to a new era. The uncer- 
tainty and confuſion. produced by this fluctuation demanded a 
reform, and more forcibly 1 in proportion as the intereſts and 
concerns of the growing empire extended themſelves. A diſ- 
pute between two individuals, reſpecting the year in which the 
term of an obligation for money ſhould be underſtood to ex- 
pire (the parties being agreed as to the month), pointed out to 
the Caliph, to whoſe tribunal it was referred, the immediate 
neceſſity of enjoining the obſervance of a determinate era, in 
which the ſtrongeſt prejudices of the people ſhould be made to 


4 See the authorities at the end, under this and the ſubſequent letters. 
concur 
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- concur with the ſovereign authority. The date of the Hejerà 
was thenceforth expreſſed in. all the public acts and letters. 
It muſt be underſtood, that although the account of the 
years, collectively conſidered, was vague, that of the months 
was certain, and their ſucceſſion at all times ſcrupulouſly 
attended to. Ou ax did not think it expedient to attempt any 
innovation as to the time of beginning the year, againſt which 
the ideas of the people would have revolted; and therefore, 
although the eſcape of Manomtr from the indignation of his 
follow- citizens was effected, according to their records, on the 
firſt day of the third month, or Rabee prior (on the twelfth - 
day of which he reached Medina), yet the Hejeri takes date 
| from a period two months antecedent to this flight, namely, 


from the firſt day of Moharram, being the day on which im- U 


memorial cuſtom had eſtabliſhed the celebration of the feſtival 
of the new year (c). 
The Arabian and Syrian e and the Mahometan | 
aſtronomers in general, appear to have fixed this day to 
| Thurſday the fifteenth of the Syro-Macedonian month Ta- 
mooz, anſwering to our July; but ſome among the latter, and 
moſt of their hiſtorical writers, refer it to the next day, Fri- 
day the ſixteenth, and this latter date has, in modern times, 
obtained almoſt univerſal acceptance (4). A religious pre- 
ference which Friday claims above the reſt of the week, ſeems 
to have given effe& to the arguments in its favour (e). The 
difference of opinion on this ſubject has ariſen, in the firſt 
place, from the uncertainty unavoidably attending a date, to 
be aſcertained, at a diſtant period of time, from the phaſe of 
the mcon, which is retarded or advanced by ſo complicated a 
variety of circumſtances /: and the ambiguity appears, in 
the ſecond place, to have been promoted by: the cuſtom of the 

Arabs 


% 
* a” 


the. . called the Hej —_—_ 


Arabs beginning their day at ſun-ſet 3 conformably with which 
idea, the time when the moon became viſible at Mecca, being 
the evening of Thurſday the fifteenth, according to our mode 
of computation *, was to them the commencement of Fri- 
day; which Friday (beginning a few hours later) we term the 
fxteenth of July. At that period the cycle of the ſun was 
153 the cycle of the moon, or golden number, 15; the Ro- 
man. indiction 10; and the dominical letter C. 
The year of the Mahometans conſiſts of twelve lunar 
manths, and no emboliſm being employed to adjuſt it 
to: the ſolar period (as practiſed by the Chaldæans and He- 
brews, who were in other particulars their guides, and an- 


ciently, it is ſaid, by the Arabs themſelves), the commence» 
ment of each ſucceſſive lunar year anticipates the completion 
of the ſolar, and revolves through all its ſeaſons, the months 


reſpectively preſerving no correſpondence (g). 


In order to form a juſt and accurate idea of the length of 
this year, and of its component months, it will be neceſſary 


to diſtinguiſh two modes of eſtimating their commencement 


and duration. Theſe, though their difference is not progreſ- 


five (never amounting to more than two whole days, and 


5 rarely to ſo much as one), may yet, if miſunderſtood, occa- 
ſion, in ſome inſtances, uncertainty and error: and more eſpe- 


cially as the writers on this ſubject have inadvertently fallen 


The new moon happened in July 622, on the 14th day, at 51 hours, 
A. M. Greenwich time, or about 8 hours Mecca time; and at ſun-ſet of the 
fame day, the moon was 54 degrees before the ſun in longitude, and in 40 
minutes ſouth latitude, and therefore about 44 degrees above the horizon, On 
the 15th, at ſun-ſet, it was 18 4 before the ſun in longitude, in 37 north lati- 
tude, and about 15*Z L above the 8 conſequently vilible with clear weather. 


The ſun ſets at Mecca, on the 15th July, at 6 h. 40“, and the twilight is there 


conſiderably ſhorter than in the high latitudes. 
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into cle from neglectin g to explain to their readers 
a diſtinction of which they muſt have been themſelves ſuffi- 


gar or practical, and the political or chronological reckoning. 
The vulgar: or practical reckoning is that which aſtimared 
| the commencement of the year, or firſt. day of the month 


| ſearcely ever fo ſoon as twenty-four hours, and ſeldom later 


is announced by perſons placed on the pinnacles of the moſques 


or other elevated ſituations, to the people below, who wel 
come it with the found of inſtruments, firing of guns, and 
other demonſtrations of reſpect and zeal T. The month thus 


commenced is computed to laſt till the ne moon again be- 


comes viſible; and ſo of the remaining months, till ſhe has 


completed her twelfth lunation, and, emerging from the ſun's 
rays, marks the practical commencement of another year (5). 
In the political or chronological mode of reckoning, the re- 


turn of a new year, or the duration of the months which 
compoſe it, is not regulated either by the appearance of the 
moon, or the calculated period of conjunction, but according 


to a certain diviſion of a cycle of thirty years, adopted for this 


* The juſtice of this remark will appear evident by contraſting the authorities 
. quoted under the letters (5) (i) and (m). | 


+ Theſe ſaluta: ions are more ſolemn or clamourous at the return of Sw 


months than of others, and particularly on the appearance which terminates the 
month of faſting, or Ramadan, 


purpoſe, 


ciently aware. Theſe modes may be denominated the vul- 


hb 9 


Moharram, from the appearance of the new moon, on the 
evening of the firſt or ſecond day after the conjunction, or 
from that time at which it might from its age be viſible, if 
not obſcured by the circumſtances of the weather, which i8 


than forty-eight hours, after the actual change. This appearance 


— Wye bod 
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purpoſe v. Particular attention is due to the explanation of this 
mode, both as being more artificial and complex, and becauſe 
it ſerves to regulate the dates in matters of hiſtorical record, 
and indeed of all writings where pretenſion is made to accu- 
racy (#). Upon this the Turkiſh, Mooriſh, and every ſyſte- 
matic Mahometan calendar are founded. 
| The lunar month, or mean ſynodic revolution, according 
to the computation of the Arabian aſtronomers, conſiſts of 29 
days, 12 hours, and 792 ſcruples or parts in 1080; and the 
year of 354 days, 8 hours, and 864 ſcruples. But, as the 
_ purpoſes of mankind require that the year ſhould contain an 
integral number of days, it became expedient to collect and 
diſpoſe of theſe fractional exceedings | in a conſiſtent and prac- 
ticable manner; and with this view, a cycle or period of 
thirty lunar years was choſen, as the loweſt number that ad- 
mitted of their being formed into days, without ſenſible defi- 
ciency or remainder. Their ſum being 11 days, it was deter- 
mined that 19 of thoſe thirty years ſhould be compoſed of 
354 days, and 11 of 355 days each. The juſtneſs of this 
proportion will equally appear, if it be obſerved, that 8 hours 
and 864 ſcruples (or 48 minutes) conſtitute 11 parts in 30 of 
twenty-four hours, and conſequently in thirty years produce 
an excels of 11 whole days +. It remained next to be conſi- 
dered 


A paſſage in ALFRAGANUS (who wrote about the year of Chriſt 950) would 
lead us to infer, that, beſide the two ways of computing time here diſtinguiſhed, 
the Aſtronomers were accuſtomed to follow a third, whoſe periods were marked 
by the conjunction of the luminaries ; but, as this learned Mahometan was a 
profeſſed ſtudent of ProLEmy's works (which in this place he quotes), we may 
conclude, that, when he ſpeaks of aſtronomers, he does not mean to confine the 
expreſſion to thoſe of his own country or religion (i). 

+ The mean ſynodic revolution being 29 d. Ig h. 44' and nearly 3”, this excle 
Vol. LXXVIII. K k k falls 
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dered in SPAN ike and method theſe ediitional or intercalary ; 
days ſhould be inſerted, ſo as to affect the compenſation re- 
quired with as much equability as poſſible, and maintain a 
correſpondence, as near as circumſtances would admit, with 
the periods marked by the phaſes of the moon. The follow- 
ing are the years to which, for reaſons that ſhall be afterwards 
aſſigned, it was judged proper to annex an extraordinary day, 
and which (in contradiſtinction to thoſe 19 that have only 35+ 
days) are termed years of exceſs, viz. the zd, 5th, 7th, roth, 
' 13th, 16th, 18th, 21ſt, 24th, 26th, and 29 4b, of the cycle of 
thirty years. 4 
Their months, conformably with hl of this Hebrew « ca- 
lendar, it was determined ſhould conſiſt alternately of 30 and 
29 days; and therefore, in an ordinary or ſimple year of 354 
days, the twelfth and laſt month, Dulhajee, would have only 
29 ; but, in the years of exceſs, the intercalary day is added to 
this month, which is then made to confiſt of 30 days, and the 
year, conſequently, of 355 days (n). Thus, for example, 
in the year of Chriſt 622, the Hejerà commenced on the 16th 
of July, with the Arabian month 
Days. 1 . . 1 
3 which had 30 Moharram, in the 2d year, had 30 
i Safar - —yY - 29 | Safar - » — 8 29 
Rabee prior - 30 | Rabeeprior - = 39 


| 


Carried . Carried over 89 
, 
falls mort of thirty complete lunar years, by more than 17, and con- 


ſequently advances one day in about 2500 years. The Chaldzans, who made 
the time of the revolution to conſiſt of one ſeruple, or 1080th part of an hour, 
more than the Arabs thought fit to allow, were wonderfully near to the truth (). 
If, inſtead of thirty years, a cycle of nineteen had been choſen, and ſeven 
days intercalated, there would have been an exceſs of a thirtieth part of a day, 
which would have cauſed the reckoning to retrograde one day in 570 years. 


Rabee 
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Brought over 89 | ” Brought over 89 
Rabee poſterior = 29 Rabee poſterior . + "Wo 


Joomad prior = = 30 | Joomad prior 6 * 
Joomad poſterior 29 | Joomad poſterior . 
Rajab = - - 30 | Rajab SS - 
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Ramadan I $0 | Remaden DS. Si 
Sawal = = - 29 | Sawal = * 29 


Dulkaidat | — 30 | Dulkaidat - 
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| Days 354 
Ended 5 July 6 623. 


e 


Ended 25 June 624. 


+ may not be unintereſting to examine the rule by which 


the Arabians appear to have been guided, 1 in placing the inter- 


calary day at the end of thoſe particular years which have been 
ſpecified. It was obſerved, that the annual exceſs is calculated 
to be 11 parts in 30 of a day. At the commencement of the 


firſt year of their firſt cycle, they appear to have aſſumed the 
fact (ſome what capriciouſly) that there was then an exceſs of 
11 parts, belonging to the preceding year, to be accounted for, 
or brought on. At the end of the firſt year there would conſe- 


quently be 22 ſuch parts; and at the end of the ſecond year 
33 parts. Here then the firſt intercalary day was applied; ; that 
ſecond year was made to conſiſt of 355 days, and there re- 


mained 3 parts, over and above, to be carried on to the next. 
K k k 2 At 
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At the expiration of the third year, the parts amounted to 143 


fractional exceedings of each year were combined and diſpoſed 


number of 30, they till add the intercalary day, and dedu& 
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of the fourth year, to 25; and of the fifth, to 36; when the 


intercalation was again applied, and a * of 6 parts car- 


ried on. From this it will be underſtood in what manner the 


of through the ſucceeding years of the cycle; and it will be 
neceſſary only further to remark, that, when the aggregate of 
the fractions falls ſhort no more than 2 or 3 parts of the 


the deficiency. from the exceſs of the following year, which, 


in the courſe of one cycle, takes place only three times. At 
the end of the 29th year, the accumulated fractions, amount; 
ing exactly to 30, are commenſurate with the intercalation 
then applied; and the exceſs of the zoth, or laſt year, is ac- 
counted for in the firſt intercalation of the ſucceeding period. 


The operation would doubtleſs have appeared more methodical, 


jf the firſt intercalary day were not to have been added till the 
end of the third year, and the eleventh, or laſt, till the end 
of the 3oth year or termination of the cycle. From this conſi- 
deration ſome commentators have been led to diſſent from the 


more general idea, as above given, and to ſuggeſt, that the 


emboliſm is in fact applied ſo ſoon after the commencement 
of the cycle, as the yearly accumulation of the fractional 


parts exceeds the ſum of half a day, or twelve hours, and 
that it accordingly is made to take place at the end of 


the ſecond year, becauſe the fractions then amount to 17h. 
36”, or 22 parts in 30; at the end of the fifth year, becauſe 


they then amount to 25; and at the end of the ſeventh year, 
to 17 parts; keeping thus as near as poſſible to the mean divi- 
ſion of time, by applying the compenſation before it is fully 
wanted. The effect, however, is in both caſes the ſame, 

and 


and it is of but little moment to determine which theory is is 
2 * 8 | | 

This cycle of thirty Mahometan years, contains 10,631 days, 
and is equal to 29 years and 39 days of our computation. The 
annual mean difference is 10 days and 21 hours nearly; which 
in common calculations, for ſhort periods of time, may be 
reckoned at 11 days, by which number the lunar year antici- 
pates t the ſolar. 


Annexed hereto is a table exhibiting the correſpondence of 
the years of the Hejerl, from the eſtabliſhment of that epoch, 
with thoſe of the Chriſtian era, to the year of our Lord 2000. 
Until the beginning of the preſent century, it appears ſuffi- 


cient to diſtinguiſh every tenth year; the intervals between 


which may be calculated with eaſe and preciſion, by attending 
to what has been faid reſpecting the cycle. From the year 


1700 to the concluſion of the twentieth century, for the con- 
venience of hiſtorians yet unborn, the commencement of each 


year of the Hejera is aſcertained. Theſe tables are founded 
upon thoſe of Gravivs (J. Greaves), in his Epochæ cele- 


briores UL VG Be1c1, publiſhed in 1650; but as he, in con- 


formity with the principles of this celebrated Tartarian aſtro- 
nomer to has fixed the epoch of the Hejerà to the 15th July, 


* The . hypotheſis i is ſupported by Cunuruanavs (Commentarius ad 


caput primum ALFRAGANH, 1590), who quotes many ancient authorities. PETA- 


vivs (PETEAU) (de Doctrinà Temporum, 1627) is inclined to give the preference. 


to the latter, on the authority of PavLus FoxosEMPRONIUS, and the probability 
of the matter (). It does not appear at what time the uſe of this cycle was intro- 


duced, but probably ſubſequent to the eftabliſhment-of the era by Ou AR, though 


he is ſaid to have been aſſiſted on that occaſion by a learned Perſian, _ 
+ ULvs Bie was the grandſon of TIuR the Great (TamzRLANE), to whoſe 


empire he ſucceeded on the death of his father Szwan Ruxn, He was born in 


inſtead 


1393, and died in 1449 · 


the Mahomaten, called the „ Hejerd, 1 3 
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inſtead of the 16th, or hiſtorical pant k it was FOOTY requi- 
ſite to add one day, throughout, to his calculations. The pro- 
priety of this alteration is ſtrengthened by the authority of 
other chronologiſts oy and by the practice of the modern alma- 
nacs T. It is alſo to be obſerved, that the tables of GRA- 
Vvius, having been compoſed in the ſeventeenth century, are 
calculated both for paſt and future time, according to the old 
ſtyle; and as the change took place, in England, in September 
of the year 1752, it was neceſſary to adjuſt all the ſucceeding 
years to the new calendar. In order that a Judgment may be 
formed of the correſpondence: of the annual periods ſhewn by 
theſe tables, founded on the cycle of thirty years, which is 
adjuſted to the mean motion of the moon, with thoſe marked 

by the appearance of that planet, a ſhort table is ſabjoined, 
containing a compariſon of the reſults of the two modes of 

reckoning, during one . commencing with the year of 
the Hejera 1171 (O). 


* See Tables of the Hejeft. in Riccrol I, Chronologia Reformata, 16596 
Ephemerides Mar. Fae. BEcCKIL, 1695 (). 
+ According to the original tables of GrEAvEsS, the firſt day of Moharram, 
in the year of Carisr 1783, falls on the 14th November, ©.S., or 25th 
November, N. 8.; and in 1784, on the 2d November, O.S., or 19th November, 
N. S.; whereas, by two almanacs, printed at Calcutta in Bengal, it appears, 
that the days ſhould be the 26th and 14th November. Of theſe almanacs, the 
one was compiled in the. Office of the Miſſion ;” and the other by an ingenious 


aſtronomer from England; and both founded on the ulage of the Mahometans of 
India. 


* | 23 1 the — ; 
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(a) 6 Epoche verd hujus uſum introduxit Onan, qui pri- 
mus titulo hoc literas et diplomata ſignari juffit; et quidem 
anno ejuſdem epochæ demum 18, menſe Gjumada poſteriore; 
ut ex Hiſtoria Sarac Ibn Amidi, et aliunde liquet.“ Golius, 
notæ in ALFERGANUM,, 1669. 

(5). « Ante illud tempo ſimilis quoque An mos r. 
rat putare ſuos annos a Bellorum 1 initiis, et celebrioribus pugnis.” 
| Gol. us ut ſupra. 

(5) Arabes annos Higræ ſeu migrationis Mubammedicæ 
numerant a neomenia. Muharram ; licet Muhammed Mecca: 
exceſſerit die primo Rabiæ prioris, diebus 59 poſt epoch: ipſius 
diem.“ Gor.1us ut ſupra. 

(d) © Initium hujus epochæ eſt principium: Mcharramy, 
illius anni in quo Propheta. noſter MohAMMADE a Meccä ad 
Medinam migrabat; et illud ſecundum medium calculum, eſt 
feria quinta (dies Jovis), ſed ſecundum phaſim- {.unz, dies Ve- 
neris,” ULvG BEIG, 1449. per GRAV1UM, 1650. 

& ra Arabum. ducitur à principio ejus anni, quo Muliam- 
med, relictà Mecca, commigravit Medinam: eratque iſtius 
anni initium feria quinta.” ALFERGANuS, 950, per Go- 
_ i: Mo 

« Sequimur autem Saracenum, clim facimus initium anno- 
rum Hegiræ A. feria ſextà: is enim ita ſcribit : * Quidam inci- 
piunt computationem menſium à nocte quintæ feriæ, et ponunt 
ibi. Almuharam anni repulſionis: et quidam ponunt iptum A. 
nocte diei Veneris, et ſecundùm illud fixus eſt iſte noſter liber: 
quoniam iſte dies fuit initium anni veri, et eſt magis conve- 


niens ortui novæ lunæ.“ Ex quibus verbis perſpicere licet, 
1 nos 
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nos n incipere I  phaſi lunari, que incidit in principium 


feriæ ſextæ, et minimvim integro die poſt conjunctionem me- 


diam ſolis et lunæ in oculos incurrit.“ 
1590. 

(e) “At ſextus peculiariter dies Conventis Feirur > 3 quia eo, 
utpote ſibi ſacra, in templum cathedrale convenire ſolent.” 
Gor1vs ut ſupra. | 


CHrISTMANNUS, 


«© Commodum igitur tunc evenit, ut in eundem diem ferla 
ſexta, quæ Veneri conſecrata fuit, et neomenia popularis, ac 
luna corniculata, &c.“ Pxzravivs de Doctrina Temporum. 
03-8 Cauſe autem primam Lunz viſionem vel retardantes 
vel promoventes, tres potiffimùm in aſtronomia redduntur. 
Prima eſt obliquitas ſpheræ, longos vel breves occaſus addu- 
cens: in fignis namque longarum deſcenſionum, nempe in Piſ- 
cibus, Ariete, et Tauro, fieri poteſt, ut prima phaſis Lunæ pauld 
poſt conjunctionem conſpiciatur. Altera cauſa eſt tempus con- 
junctionis Lunæ cum ſole circa limitem Boreum. Tertia de- 


nique, ſi luna ſit motu velox, qualis eſt circa Perigzum.” 


HvxTII Selenographia, 1647. 


(s) „Ita fit, ut primus illorum menſis, qui eſt Mobarram, 


nullam certam in anno Juliano ſedem habeat; ſed quotannis 
antevertat; ac totum anni noſtri contextum peragret.” = PET A- 


vivs, Rationarium Temporum, 1702. 


(05) « Mahomedani menſes hujus epochæ à phafi novidinh 
ad phaſim ſequentis novilunii numerant. E duodecim menſibus 
annum conſtituunt. Anni, itaque, et menſes, ſecundum 
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eorum uſum, ſunt lunares veri.” ULVUG BEIG. 
Voluerant autem Arabes a veſpera diem auſpicari ; quo- 
niam à phaſi lunari incipiunt numerare dies menſium.“ Al. 
FRAGANUS, per CHRIST MANxU M. 

2 „ Omnes 


- TY 


: 2 


1 — —— . 425. 
* Onnes ill gentes, quæ anno luneri ſunt uf, non folum 


hanc primam Lune apparitionem diligenter attenderunt, ſed 
etiam numerum prineipiumque cujuſlibet menſis ab eã iuie- 
runt.” HEVRLIVs. 

(i) © Menſes, ſecundum ProlxxMx Unt, computantur ab una 
media ſolis et lunæ conjunctione, uſque ad alteram: verus au- 
tem menſis incipit poſt digreſſum luminarium, elapſo uno die 
naturali. ALFRAGANVUS, per CHRIsTMANRUM. 

GO 0 Neque enim tempus quod à phaſi petitur, certò deſig 
nar poteſt, hominibus præſertim longs diſſitis, aut poſt ven- 
turis; quod res civiles ac politicæ requirunt: aſtronomicæ vero | 
et chronologicæ conſiſtere abſque eo neutiquam poſſunt. Sa- 
cræ, autem, quia juxta phaſin primim inſtitutæ fuerant, juxta 


eandem quoque obſervari debuerunt.” GoLtvs ut ſupra. 


0) « Satis intelligitur, voluiſſe Arabes de induſtria recedere 


a calendario Judaico, commodioremque annorum ſuorum pe- 


riodem et rationem intercalandi obſervare. CHRIST MANNUs. 
(m) * Aftronomis, Moharram (menſis primus) triginta eſt 
dierum, et Safar (ſecundus) undetriginta, et ſimiliter menſium 


unus triginta dierum, et alius undetriginta uſque ad finem anni. 


Singulis autem annis tricenis, menſem Dulheggiah (poſtre- 
mum) undecies conſtituunt triginta dierum ; atque hoc fit anno 
ſecundo, et quinto, &c.” ULue Brie. 

4 Sunt autem menſes quidam 30, nonnulli 29 dierum ; ut 
annus fimplex conſtet 354 diebus. Menſes Arabum in phaſi 
lunari variant pro luminis additione vel diminutione : ideo rectè 
conſtitutum eſt, ut menſes alternatim fiat plent et cavi. Spa- 
cio triginta annorum accreſcunt undecim dies intercalares : 
Tatione veræ anni quantitatis, que ponitur 354 dierum et 2g 
diet. Annus, in quo fractiones colliguntur, habet 7 menſes 
plenos et 5 cavos.. Menfis cui adhibetur intercalatio ſemper eſt 
dierum 30; unde annus intercalaris nuncupatur, qui menſi 
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„% e of 
Dhithaga (Dulhajee) diem adjicit, ut notum > omnibus.” 
 ALFRAGANUs, per'CHRISTMANNUM., . 2 

| (n) „Sed civili ratione tum dies unus intercalatur, « cam. 
| horariz appendices dimidiatum diem ſuperant, ut Paulus exiſti- 
mat, Alii ut —— &c.“ K Doctrina 
Temporum. : | ET 
(9) „G. Krrcnrvs in viduals Chriſt -Jud*-Ture®, , pb. 
fati anni 1687 uno die ſeriùs dictum annum Turcarum recen- 
ſet.” Mar. FRI. Becxivs, Eph. 1695. EW 
(Y Non enim ſemper contingit, initium menſis, ratione, 


et calculi et prime phaſeos, incidere 1n eundemi diem: neque 


hoc fit, niſi tractu temporis ambo 1 inter le æquentur. ALFER- : 


GANUS, per GoLIUM. 


| Table exhibiting the correſpondence of the years | 
ee wth thoſe of the Chriſtian « era. 


An. An. — 5. 7 : 
Hej. 8 Ds | 'Q | . + 
1 622 16 July F 797 | 
11 632 29 Mar. Su 806 17 Nov. 
21 641 10 Dec. M 316 30 July W 
31 651 24 Aug. WI 211 826 13 Apr. F 
41 661 7 May F221 835 26 Dec.] S8. 
51 671 18 Jan.] Sa 845 F7Sept. M 
61 680. 1 Oct. M 855 22 May W 
71 690 15 June WI 865 2 Feb. 
8x 700 26 Feb. Th 3874 16 Oct. 
gi 709 . 9 Nov.| Sa] 271: 884 29 June] M 
101 719 24 July M 894 13Mar.| V 
111 729 5 Apr. Tu 903 24 Nov. 
121 738 18 Dec.] Th 913 7 Aug.] Sa 
131 748 31 Aug. Sa 923 21 Apr. M 
141 758 14 Mayf Su 933 1 Jan. Tuf 5a 1107 22 Aug. Th 
151 768 20 Jan. Tu 942 ig5Sept.| Th] 511 1117 5 May] Sa 
101 777 9g Oct. Th 952 29 May Sa] 521 1127 17 Jan.] M 
171 787 22 Junel F 962 9 Feb. Su! 1130 2g98ept. Tu 


L112 


An. ö > An. | 

| E Hej. 

1 13 June Th 1563 21 Aug. Sa 1139 
1156 25 Feb. 1573 3 May Su 1140 
1165 7 Nov. 1583 15 Jan. Tur 141 
1175 22 July 1592 28 Sept. Th 1142 
1185 4 Apr. I 1602 11 June F [1143 
1194 16 Dec.] F 1612 23 Feb. Su 1144 
1204 29 Aug. Su 1621 Nov.] Tur 145 
13 May Tu 1631 20 July W140 

24 Jan. W 1641 8 F [1147 

7 Oct. F 1650 15 Dec. Su 1148 

21 June Su 1660 27 Aug. M1149 

Z Mar.] M 1670 11 N 1150 

15 Nov. W 168 23 Jan. F 1151 
29 July F 1689 5 Oct.] Sa 1152 

11 Apr.] Sa 1699 rg June M f1153 

24 Dec. M — — 1154 
SGdept. W 1700 7 june F [1155 
20 May Th], 1701 28 May W156 

31 Jan. Sa 114 1702 17 May Su 115) 

15 Oct. M 1703 6 May Thi 158 

27 June 1704 25 Apr. Tul 1159 

11 Mar.] 1 1705 14 Apr.] Sa 1160 

23 Nov. 1700 4 Apr.] Thi 161 

5 Aug. 1707 24 Mar. M [1162 

19 Apr. 1708 12 Mar.] F [1163 

31 Dec. 1709 2 Mar. W 1164 
13Sept.| F fu 1710 19 Feb.] Su 1165 

27 May Su 123 1711 8 Feb. Th 166 

8 Feb.] Tu 1712 29 Jan. Tui 167 

22 OR | W 1713 17 Jan. Sa 1168 

5 July F 1714 7 Jan. Th 169 

19 Mar. Su 1714 27 Dec. MIt170 

6 Nov.] M 1715 16 Dec.] F [1171 

66 1 3Aug. WII 129 1716 5 Dec|Wh]1172 

5 26 Apr.] F 1717 24 Nov.] Su 1173 

7 Jan. Sa 1718 13 Nov. Thür 174 

21Sept.| M 1719 ZNov. Tujli75 

4 June W 1720 22 Oct.] Sa 1170 

15 Feb. Th 1721 11 Oct. 81 

20 Oct. Sa 1722 1 Oct. M1178 

13 July M 1723 20Sept.| F 1179 

25 Mar. Tu 1137 1724 gSept.| WII180 

7 Dec. Th: 1138 1725 29 Aug. Su[L191 


An. * 


1726 1 


1727 


1728 
1729 1 
1730 
173t 
1732 


„ 
55 


1735 


1736 


1737 


1738 1 
1739 


1741 


1742 
1743 


1744 
1745 


1 
1747 


1747 
1748 


1749 3 
1750 


1751 
1752 


1753 


1754 
1755 


1 


1757 
1758 


1759 2 
1760 


1761 
1702 
1703 


1704 


1705 
1706 
1707 


— —äů4 e — — —— —_— — RN - = a 
+ 


Su 1266 
| Th 1267 


E 


.| Tuji268 
[Sa 1269 
P Tu 1270 
M1271 
F 1272 
W273 
| Su1274 
v.| Thji275 

.| Tuj}1 276 
| Sa [1277 
Whi278 


I279 


1281 


7 Su 1282 


.| Thijz283 
| Tuſ1284 


1 W 1286 
M [1287 
F 11288 


1280 


| Sa [1285 


| W | <4] 


An. 


D. 
1851 
1852 
1853 
1854 


1855 


1856 


1857 
1858 


1859 


1860 


1861 


1862 
1863 


1864 


1805 


1866 15 


1867 


1868 
1869 
1870 
1871 
1872 
1873 
13874 


1875 


1876 


1877 
1878 


1878 2 


187 
18889 


TT 
300 1882 11 
1883 
1884 
1885 
1886 


1887 


206 1888 
1889 


1890 


1891 
1892 


aer e 


the * called the Nrjerd. 


18 = 


An. 
JT 


1348 
11 349 
1350 
1351 
1352 
1353 


D. 


1929 
1930 
1931 
1932 


1933 

1934 
1935 

1936 
6 1937 
1938 
1939 1 
1940 
1941 
1942 


1943 


363 1943 
1 
365 1945 
306 1946 
"997 1 
8 1945 1] 
1949 22 
1950 1 
1951 
2 1952 
1953 
4 1954 


1955 


1956 
2 
1958 
1959 


80 1960 


1383 


W 11384 


128 
1904 


2062 3 
1962 


1963 


An 


Hej. 


> 
QQ 
Su 
Th 
Tuf1 387 
| Sa 
1 W 
M 
F 


1385 
1386 


1388 
1389 
I 390 
1391 


ar. Tut 392 
| $U3I 393 
r. Th] 394 
[Tu 1395 
.| Sa 1390 
an.) W 1 397 
| M Ji 398 
| EF [399 


 Tuſx400 


Su 1401 
ITofA2 
dv.| TuJ1403 
| Sa [1404 


1405 
1406 
1407 


t. Tuſ1408 


Su $1409 


Thy1410 
Is 1411 
$412 ; 


$1413 
1414 
I415 


Tu1416 


Su 1417 


ThJ1418 
e M $1419 


Sa $1420 


Iv * ; 


EEE CAO —— f "IN * 


An. 
3 


196 5 
1960 
1967 
1958 
1969 
1970 

1971 

1972 
1973 


1974 
1975. 


1976 


1976 


197 
1971 


1979 
i980 - 7 
1981 28 


1982 


1983 
1984 


1985 
1986 


1987 
1988 


1989 
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' Compariſon of the commencement of thirty ſueceſſive years, 


__ according to the diviſion of the cycle, and the apprarance 
. of the NEW moon. 


* | | 1 — 
7X E H. A. C. | | Cycle. Conjun&ion. ) viſible, 
2 | | Day. Hour. 
| | / 6 * | | 
1 | 1171 | 1757 [15 Sept. | 13 Sept. 14 | 15 Sept. | 
2 |—11972 | 1758 | 4 Sept. | 2 Sept. 18 ST 8 
31173 785 | 25 Aug, | 22 Aug. 15 | 24 Aug. | 
4 | 1174 1760 | 1g Aug. | 11 Aug, 1 | 12 Aug. 
5 |[—1175 | 1761 | 2 Aug. 31 July 15 | 2 Aug. 
6] 1176 | 1762 | 23 July | 21 July g | 23 July | 
T 7 [1177 | 1963 | 12 July | 10 July 23 | 12 July |- 
| 8 | 1178 1764 1 July | 29 June 8 | 30 June 
19 1179 | 1765 | 20 June | 18 June 11 {| 20 June 
| 10 — 1180 1766 9 June 7 June 129 June 
1 83} 2201 j 1997 1 - D Hay | 3 May 19 29 May | 
| 12 | 1182 [—1768 | 18 May | 16 May 8 | 47 May | 
113 [—1183 1769 7 May | 6 May t | 7 May | 
* 1184 | 1779 | 27 April | 25 April 19 | 27 April| 
- - ] ig |—11685 | 1771 16 April }, 15 April 3 | 16 April | 
| 16 | 1186 [-17972 5 April | 3 April 5: | 4 April | 
- Þ 17 | 1187 | 1993 | 25 Mar. 23 Mar. 5 | 24 Mar. | 
| 18 [—1188 | 17974 | 14 Mar. | 12 Mar. 10' | 14 Mar. 
| 19 | 1189 | 1795 4 Mar. | 1 Mar. 22 3 Mar. | 
20 | I190 |—1776 | 21 Feb. | 19 Feb. 13 | 21 Feb. 
21 | 1197 | 1797 | 9 Feb. 8 Febe 5 9 Feb. |. 
22 | 1192 | 17978 | 30 Jan, | 28 Jan. 15 | go Jan, | 
23 | 11931 21979 | 19 Jan. 1 Jan: 18 | 29 Jan. | 
24 |—1194 |—1780 | 8 Jan. | 6 Jan. 1797 | 8 Jan. 
25 | 1195 | 1780 | 28 Dec. | 25 Dec. 20 | 27 Dec. 
26 |—1196 | 1781 | 17 Dec. is Dec. © | nb Dec. 
127 | 1197 | 1782 Der. 4 Dec. 21 6 Dec. 
| 28 | 1198 | 1783 | 26 Nov. | 24 Nov. 13 26 Nov. 
| 29 | 1199 |-1784 | 14 Nov. 13 Nov. 1 14 Nov. 
30 | 1200 | 1755 | 4 Nov. | 2 Nov. 4 3 Nov. 
| | 


The years marked thus — are the intercalated and biſſextile 
years in the Mahometan and Roman calendars. 
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PR E S ENT S 


1787 


The 


L 43 1 


WII H 


Pr eſents. 


Nov. 8. Archæologia. Vol. VIII. London, 


1787. - 14: 
An Account py the ancient Painting 


at Cowdray, repreſenting the Pro- 
ceſſion of K. Edward VI. from the 


Tower of London to Weſtminſter, 4* 
A Print from the ſaid Picture. | 
Librorum impreſſorum qui in Muſeo | 
Britannico adſervantur Catalogus. 


2 Vol. Londini, {Sa 5 


5 Bikliothecm Bodleianz codicum Manu- 


 ſcriptorum Orientalium Catalogus, a 


Jo. Uri confectus. Pars I. Oxonii, 


1787. fol. 
Tranſactions of the Society for En- 
couragement of Arts, Manufactures, 
and Commerce. Vol. V. London, 


1787. 8 


Rapport des Commiſſaires chargés des 


Projets relatifs à V'Etablifſement des 


quatre Hopitaux, Paris, 1787. 4. 


DONORS 


MADE TO THE 


ROYAL SOCIETY 


From November 1 787 to June 1788 


' Donors. 


The Society of Antiquaries. 


The Truſtees of the Britiſh 
Muſeum, 


The Truſtees of the Claren- 


don Preſs, Oxford. 


The Society for - Encourage- 
ment of Arts, Manufactures, 


and Commerce, 


The Royal Academy. of Sei- 


ences of Paris, 


Nov. 


899 


1 
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LES 
4 * 
15 
J 
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Kort over den Sydlige 
tilligemed det tilgrzndſende ſtykke 
af Hertugdommet Schletwig, &c, 


The Hiſtory 
Flamvile and Burbach, by John . 


| tee 
Preſents, 


| 7. 
Now! 8. Arret du Conſeil d'Etat * ria. 


bliſſement de quatre nouveaux Ho- 
pitaux, du 22 Juin, 1787. + 
Hydraulic and Nautical Obſervations 


on the Currents in the Atlantic 
Ocean, by Gov. Pownall, London, 


Donors. - 


The Royal Academy of sei- 5 
ences of Paris, 


Thomas Pownall, Eſq. F. R. S. 


1787. 4'. With a Chart of the 


Atlantic Ocean. 


A botanical Arrangement 'of Britiſh 
Plants, by W. Withering. Bir- 


Wilkam Witherlag, M. D. 
F. R. 8. 


mingham, 1787. Vol. I. and II. 88 


Obſervations de M. Trebra ſur Vin- 
terieur des Montagnes, avec un 


Diſcours preliminaire, et des Notes, 


par M. le Baron de Dietrich, Paris, 
1787. ä fol. 


Nic. Joſ. Jacyuin Collectanea Botani- 


cam, Chemiam et Hiſtoriam Natu- 
ralem ſpectantia. Vol. I. Vindo- 
bonæ, 1786. 


Pontoppidan, 178 3 
deel af Fyen 


4 tegnet af H. Shanke, aar 1783. 
and Antiquities of Alton 


Nichols. London, 1787. L” 
The Heetopades of Veeſhnoo-Sarma, 
in a Series of connected Fables, 
tranflated from tlie Sanſkreet Lan- 


guage, by C. Wilkins, 8 
A Map of the County of Clare in 


inks, by H, Pelham, in 12 
Sheets, 


Medical Commentaries for the Year 


1786, collected by A. Duncan. 


Edinburgh, 1787. = al 


ſition raiſonnee de la Theorie de 


I'Elearicite et du Magnetiſme, Paris, 


1787. g* 
Quarta Diſſertatio Botanica de Gera- 
nio, Auctore A, ]. Cavanilles, Pa- 
riſiis, 1787. 4* 


" 
Kort over det Sydlige Norge, ved C. I. 


Profeſſor de Iaequin, of vi- 
ws F. R. 8 


Profeſſor Bu 88%, of Copen · 
hog, F. R. 8 0 


Mr. John Nichols. 


Charles Wilkins, Eſq. F. R.. 


Mr. Henry Pelham. 


Andrew Duncan, M. D. 


Abbe Hauy, 


Abbe Cavanilles, 


Nov. 8. Principes far FArt des Aecouchemens, 
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| Preſents, 
1787. 


par J. L. Baudelocque. Paris, 1787. 
12” 

Eſſai far Education intellectuelle, avec 

le Projet d'une nouvelle Seience, par 

A. C. Chavannes. Lauſanne, eg 


Attronomiſches Jahrbuch für das ** 
1789, von J. E. Bode, Berlin, 


1786. WW x 


J. J. Hemmers Anleitun g Wetterleiter 


an allen gattungen yon gebauden 


82 


anzulegen. Manheim, 1786. 


Leipzig, 1787. 4 
Me —_— Critopuli Emendationes 
. Meurſii Gloſſarium Græco- 
ens. Edidit J. G. F. Fran- 


A Synopſis of a Courſe of Lectures on 
the Theory and Practice of Medi- 
eine. Part I. 

15. Rachunku Algebraicznego teorya przy · 
ſ6ſowana do Linij krzywych. 2 
Vols. 
a2. Carte generale de Cees Atlantique, 


dreſſẽe au depot general des Cartes, 
Plans, et Journaux de la Marine, : 


1786, 


Analyſe de la Carte generale de Ocean 


Atlantique. Paris, 1786. 4 
Extraits des Obſervations Aftrono- 


miques et Phyſiques faites à PObſer- 


Entdeckungen über die Theorie des 
Klanges, von E. F. "oe; Chladai, 


zins. Stendaliz, 1787. 87 
Profeſſor Waterhouſe, of Cam- 


Boſton, 1786. 8 


Krakow, 1783. 1 


M. Baudelocque, 


Profeſſor Chavannes, of Lau- 


ſanne. 


M. J. E. Bode, Aſtronomer 


to the CAGE of Berlin, 


M, Hemmer 2 


Profeſſor F ranz, of Leipfig. 


bridge in America. 


Profeſſor Sniadecki. 


Marquis de Chahert, P. R.8. 


28 —— w- 


Comte de Caſſini. 


vatoire Royal, en l' Annte 1786, par 


M. le Comte de Caſſini, Directeur. 4 


A Map of the Moon. 

Commentarii de Rebus in Scientia Na- 
turali et Medicina geſtis. Volumen 
XXVIII. Lipſiæ, 1786. 8² 
Memoirs of William Lambarde, Eſq. 4 


La Vie de PHomme reſpeCtce et de- 


fendue dans ſes derniers Momens, 
Paris, 1787. __ 
Vol. LAXZVI M MN 


— — 


| Mr, Hurlock, F. R. 8. 


Mr. John Nichols. 
M. Thiery * 


Nov. 
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Preſents, 
1787. 
Nov. 22. Eſſay on the Cauſes of the Variety of 
Complexion and Figure in the Hu- 


man Species, by Sam. Stanhope 


Smith. Philadelphia, 1787. 8* 
Charles Wb, LL. D F R. 8. 
Hutton. London, 1787. 8 


Dec. 6. Elements of Conic Sections, by C. 


Inſtitutiones Phyſiologicæ, Auctore L. 
M. A. Caldanio. Venetiis, 1786. 8? 
Inſtitutiones Pathologicæ, Auctore L. 


Nova Analyfeos 


Riforma de? Carri di quattro Ruote, del 


Relacion de las Epidemias de Calen- 


turas putridas y malignas, en el 


Principado de Cataluna, por Don J. 


M. A. Caldanio. Venetiis, 1786. 8? 
Elementa, Auctore J. 
B. Nicolai. Tom. I. Pars I. Pa- 
tavii, 1786. 4 
Conte Lug Rizzetti. 
Conte L. Rizzetti. Trevigi, 178 8 8 


Donors. 


The Rev. Dr. Williams, Secre- 
tary to the American A. 
de my. 


Profeſor Caldani, of Padua, 


Profeſſor Nicolai, of Padua. 


RE 


Don Toleph M Maſdevall. 


Maſdevall. Madrid, 1986,  4* + 


| Relation abregẽe un Voyage à la 


Cime du Mont-Blanc, en Aovit 
. 
„„ 
M. Couſin. 


1787, par H. B. de Sauſſure. 
neve. 


13. Legons de Caleul Gberentiel et de 
Calcul integral, par M. Couſin, 
2 Vols. Paris, 1777. 8 
| Maxwell EROS M. D. 
vations on numerous Births, printed | | | 
in the Philoſophical Tranſactions, * 


20, Appendix to Dr. Garthſhore's Obſer- 


Vol. LXXVII. 


4 
Meteorological: Diary, kept at Madras, 
from Sept. 14, 1786, to Feb. 17, 


1787. MS. 9 fol. 
An Account of Experiments made by 


Fowler Walker, Eſq. 


F:.% 
7 A. 


. . 


William 3 Eſq. 


| Patrick Miller, Eſq, 


Mr. Miller in the Firth of Forth, 


the 2d of June, 1787, in a double- 
"Veſſel; MS.- fol. 


MS. Papers of. Zachary Williams, on 
making Sea Water freſh, the Lon- 
gitude, &c. 


A Print of John Hunter, Eg · F. R. 8. 


engraved by W. Sharp. 
A Print of Sir William Hamilton, K. B. 
F. R. S. engraved by H. Hudſon.. 


Mr. John Nichols. 


Mr. William Sharp. 


Mr. Henry Hudſon. | 
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_ Preſents.” 
1787. 
Dec. 20. A Print of John Henniker, Kg FR.S. 
engraved by the ſame. + 
1788. 


* 10. Mémoires de Academie Royale des 
Sciences. Annees 1770, 1772. 
Partie I. 1779, 1780, 1781, et 
1782. | 


Memoires preſentẽes 2 VAcademie 
par divers 


Royale des Sciences, 
Savans, Tomes VII. IX. et X. 


Table generale des Matieres contenues 
dans les MEmoires de Academie 


Royale des — Temes VI. et 


2 
Vari com ponimenti della Abcademia 


degli Etnei per la morte di Ignazio 


Vincenzo Paterno Caſtello Principe 


V. di Biſcari. Catania, 1787. 8* 
8 Elogio d' Ignazio Principe di Biſcari, di 
Giov. Ardizzone. Catania, 1787. 


Fiunebris laudatio Egnatii Biſcarorum 


Principis, a Raym. Platania. Ca- 


tine, 1787. 1 1 
Orazione funebre d' Ignazio Principe A. 
di Biſcari. Catania, 1787. 8˙ 


Elogio d' Ignaz io Principe di Biſcari, di _ 


Domen. Privitera. Catania, 1787. 8* 
Liber Sinicus Tao Te Kim inſcriptus, 
in Latinum Idioma verſus. MS. fol. 
Remarks on the Means of obviating 


Donors. 


Mr. Henry Hudſon. 


Royal Academy of Sciences 
of Paris, 


The Prince of Biſcari. 


Buber Raper „Eſq. F. R. S. 


the fatal Effects of the Bite of a 
mad Dog, by R. Hamilton. 175 . 


wich, 1785. 3 
practical Obſervations on 1 


Complaints. Edinburgh, 1788. 8˙ 


17. The London Medical Journal. Vol. 


. 
Obſervations on extra- uterine Caſes, by 


M. Garthſhore. (Part of the fore- 
going Medical Journal). 8² 
Obſervations ſur les Effets des Vapeurs 

Mephitiques dans l' Homme, &c. 


Paris, 1787. ö WIE. 


M m m 2 


Francis Swediaur, . M. D. 


Samuel Foart Simmons, M. D. 
F. R. S. 


Maxwell Garthſhore, M. D. 


F. R. 8. 
M. Portal. 


Jan. 


[ #1 


Preſents, 
| 1788. 3 ; 
Jan. 17 Avis for les moyens - pratiques avec 
ſuccts pour ſecourir les Perſonnes 
noyees, &c. Paris, 1787. 4 
The ſame, printed in fol. pat. 
24. Medical Commentaries for the Year 
1787, collected by A. Duncan. 


Edinburgh, 1788. * 


A 


Journal bf the Year 
1787, kept in Pator-nofter-Row, 
London, by W. Bent. 4 
31. Kongl. Wetenſkaps Academiens nya 


Handlingar. Tom. VII. for 1786, 


3d and 4th Quarters; and Tom, 


VIII. for 1787, iſt and 2d Quarters. | 


Stockholm. 8* 
Morſels of Criticiſm, London, 1788. 


4 
Lettere di Fifica ſperimentale di D. Ser. 
— . Jr... . 12 

La Neoellenopedia di Fr. Mazzarella- 


Farao. Parte I. e I. Napoli, 
| 1779- 5. S 
Diſamina ael parere a M. Voltaire 


ſulla Poefia Epica. Opera del 8. 


Paoli Rolli, tradotta dall Ingleſe. 


Ero e Leandro, tradotti dal Greco 
in Latino, ed in verfi Italiani da 
Franc. Mazzarella-Farao, Napoli, 


I 787. 5 | "=" 


| Neb. 7+ Two Impreſſions, one coloured and 
one uncoloured, of a Portrait of 
William Herſchel, LE.D. F. R. S. 
painted by Abbatt, and engraved 

by Ryder. TRL 
J. EK. Smith, Diſputatio - inauguralis 
quædam de Generatione complec- 
tens. Lugd. Bat. 1786. 8? 
21. Mémoires Academiques, ou nouvelles 
Decouvertes ſur la Lumiere, Paris, 
0 Obſervations on Sugar, 


Napoli, 1779. $2 
Di Muſeo gli amorofi avvenimenti tra 


"Donors. 


M. Portal, 5 


Andrew Duncan, M. D. 


The Royal Academy of Sci- 
ences of Stockholm, 


Edward King, Eſq. F. R. 3. 
D. Serafino Serrati. 


Sig. Franceſeo Mazzarella- 
Farao. 


— —ͤ— — 


Mr. S. Watts. 


James Edward Smith, M. D. 
F. R. 8. 


M. Marat. 


K Rigby. London, 1788. 8˙ | * 


Feb. 
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Preſents. 
1788, 
Feb. 28, Pharmacopeia Collegii Regalis Medi- 
corum Londinenſis. Londini, 1788. 


4 | 
| Theoretiſch- -praktiſche beurtheilungdes 


Scharbocks. Peterſburg, 1787. 8* 
Plan et Profil d'un Batiment pour con- 
ſerver et purifier les eaux A boire, 
propoſe par Dominique — 
MS. 
Obſervations ſur l' Arc- en- ciel, 
TAbbẽ P. Paris, 1788. 8² 
25 1. 6. The Deſcription and Uſe of Nairne's 
Patent Electrical Machine. London, 
1787. 8 
Tarantiſmo obſervado en Eſpana, ſu 
Autor Don F. X. Cid. 1787. 
F. X. Cid Diſſertatio circa inventionem 
Pulſus antidiſcroti tamquam veri 
figni Diarrhoeam ventoſam demon- 
ſtrantis. 


Fenomeno raro del primero qu 


neral de Madrid 


4 
Deſcripcion Hiſtorica de una nueva 


eſpecie de Corea, © Baile de San 
Vito, por D. B. Pinera y Siles. Ma- 


drid, 1787. 4® 
April 3. Tables of the apparent Places of the 
Comet of 1661, whoſe return is ex- 


pected in 1789. London, 1788. 4 
Experiments and Obſervations on Ani- 


mal Heat, and the Inflammation of 
combuſtible Bodies. 2d Edition. 
London, 1788. . 
The Works of the late William Stark, 
M. D. London, 1788. 4® 
Deſcription de Pyrmont, 
' Allemand de M. Marcard. Tome 
II. Leipzig, 1785. 85 
A ſhort Deſcription of Pyrmont, abridg- 
ed from the German of Dr. Mar- 


card. London, 1788. 8* 


3 


par M. An unknown Hand. 


4 


„„ „ 
e ſe ha 
conocido entrar en el Hoſpital Ge- 
por haber ſido pi- 
cato del Inſecto llamado Tarantula. 


traduite de 


Donors. 
The College of Phyficians. 


Dominicus Spedicati, M. D. 


, = 


Mr, Edward Nairne, ä R. 8. | 


Don Franciſco Xavier Cid. 


Don Bartolome Pinera y Siles. . 


Sir Henry Englefield, Bart. 
F. R. 8. 


Adair Crawford, M. D. F. R. 3. 


James Carmichael Smyth, 
M. D. F. R. 8. 


Dr. Marcard. 


April 
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6 Preſents, 
: 1788. 
April 3. Phyſique nouvelle, par M. Delairas. 
Paris, 1788. ae 


Method to diſcover the Difference of 
the Earth's Diameters. London, 
1788. . 8? 
10. Experiments on the Congelation of 

Vitriolic and Nitrous Acids, made at 
Fort Albany, in Hudſon's . by 
J. M“ Nab. Ms. So © 


Meteorological Journal kept at Henley- _ 
houſe and at Albany Fort, from 
Nov, 8, 1784 to Aug. 31, 1787, 


by J. M* Nab. - s. fol. 
Meteorological Journal kept at Henley- 


houſe, Hudſon's Bay, from June 3. 


to Aug. 20, 1787. MS. fol. 
T able of the mean Heights and extreme 
Differences of the Thermometer and 
Barometer at Madras, from October, 


1786, to October, 1787. MS. 


17. Letters written in Holland in the 
Months of September and October, 


Antonii Scarpa A 4 


4* 
Ej 1 Oratio de ä Ana- 


bus, 1783. OW 
Metodo per coſtruire e dirigere le 
Macchine Aeroſtatiche, di F. Hen- 
Zion. Firenze, 1788. Fg 
24. A Diſſertation on the Properties of 
Pus, by E. Home. London, 1788. 


4 
May 7. Obſervations on the Diſeaſes of the 
Army in Jamaica, by J. Hunter, 


8. Hiſtoire de l' Academie Royale des Sci. 
ences, Année 1785. Paris, 1788. 4 
A Map of Hindooſtan, by J. — 
In 4 Sheets. 
Memoir of a Map of Hindooſtan, by 
J. Rennell. London, 1788. 45 


1787, by T. Bowdler. London, 
. 
tationum Liber II. Ticini, 178 8 


tomicarum Adminiſtrationum rationi- 


M. D. London, 1788. 55 


f 33 
M. Nn 


Thomas Williams, 


John M“ Nab, Eſq. ; 


William Petrie, Eſq. 


Thomas Bowdler, Eſq. F. R. 8. 


Profeſſor Scarpa, of Pavia. 


E i 


sig. Franceſeo Henzion. 


John Hunter, M. D. F. R. 8. 


The Royal Academy of Sci- 
ences of Paris. 


James Rennell, Eſq. F. R. 8. 


May 
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| Preſents, 


1788. 
ww 8. Carte Topographique Fe "OY et de 


ſes Environs, par T. J. Collins. 
Eſſays Medical, 
Experimental, by T. Percival. 
4th Edit. Vol. I. Warrington, 

1788. 8" 
22. A Treatiſe on Medical and Phar- 


maceutical Chymiſtry and the Ma- 


teria Medica. 3 Vols. London, 
1788. 8 


An Eſſay tow ards a Sy tem of Mi- 
neralogy, by A. F. Cronſtedt, 
enlarged by J. H. de Magellan. | 


2 Vols. London, 1788, 8? 
Aſtronomiſches Jahrbuch für das 
Jahr 1790, von J. E. Bode. Ber- 
lin, 1787. 
Tratado de Navegacion, por D. Joſ. 
de Mendoza y Rios. 
Madrid, 1787. 


4 
The Azzrandizement and National 
Perfection of Great-Britain. 2 


Vols. London. 4 
29. An Account of the Life, Writings, 


and Inventions, of John Napier, 


of Merchiſton, by D. 8. Earl of 
Buchan and W. Minto.. 
$907. - © 
The Hiſtory of a ſavage Girl, 


caught wild in the Woods of Cham- . 
pagne, tranſlated from the French. 


London. 12? 


Effai analytique ſur PAir pur, et les 
differentes eſpeces d'Air, par M. 


de la Metherie. Paris, 1788. 


8 


' Diſſertation ſur Veffet de la Mu- 


par L. Defſbout. 
1784. 
Memoire ſur le Scorbut, traduit de 
PAllemand, de H, Bacheracht. 


Reval. 1787. 


Philoſophical, and 


* 


r 


8? 


Donors. 


John Aſb, M, D. F. R. 8. 


Thomas Percival, M. D. F. R. 8. 


Donald Monro, M. D. F. R. 8. 


Mr. de Magellan, F. R. 8. 


Mr. J. E. tad. Aſtronomer to 


the Academy of Berlin. 
Don Joſe? de Mendoza y Ris 


2 Vols. * 


— Bly. 


David Earl of Buchan, F. R. 8 


William Seward, Eſq. F. R. 8. 


M. de la Metherie. 


M. Deſbout. 
ſique dans les Maladies nerveuſes, 


St. Peterſburg, 
8 


Preſents. 


1788. 
May 29. Analiſe d'un Memoire fur le Scorbut 


O 


du Dr. Bacheracht. MS, 4 
Appendice du Traducteur et Re- 
dacteur de Extrait ſuſdit. MS, 4 


June 5. Hiſtoire et Memoires de FAcademie 


Royale de Sciences, Inſcriptions, et 


Belles Lettres de Toulouſe. Tom. 


I. II. et III. Toulouſe, 1782— 
1788. 


Troiſieme Rapport des Commiſſaires 


charges par l' Academie des pro- 


jets relatifs à l'etabliſſement des 


1 ] 


Donors. 
M. N Deſbout. 


The Royal Academy of Science: 
and Belles Lettres of Tou- 
louſe, 


- 


quatre HOpitaux. Paris, 1788. 4* _ 


A Letter to George Earl of Lei- 
ceſter, from J. Henniker. Lon- 


don, 1788. 8 


Collections for a Hiſtory of Sand- 
wich. Part I. Canterbury, 1788. 
Elemens d' Anatomie. Fartie 1. 
r 4 
Nouvelle Theorie Aenne 


pour ſervir à la determination des 
Longitudes, miſe au jour, par J. 


Rutledge, Bart. Paris, 1788. 4 


12. A Map of the Ifland of Sicily, by 


R. Mylne. 

Precis d'un Ouvrage intituls, Re- 
flexions ſur les Hopitaux, par M, 
Le Roy, MS. 

Plan et R. Fon Projet Ho- 


tel-Dieu, de M. Le Roy. 3 Plates. 


Connoiſſance des Tems pour 'Annee 
1790, publice par M. Mechain, 
r 8? 

Art du Potier detain, . Part I. et 
II. Par is, 1788. | 


Pa- 


2 * 7 Eſq. F. R. 8. 


william ou, al] 


M. Sus le Fils. | 


Sir James Rutledge, Bart, 


Robert My Ine, Eſq. F. R. 8. = 
N. Le Roy, F, R. 8. 


FE, J : 1 


M. Mechain. 


fol. 


TO THE 


SEVENTY-EIGHTH VOLUME. 
0 * T H E 


' PHILOSOPHICAL ' TRANSACTIONS. 


At OUNT of experiments makes by Mr. John M. Nab, at Albany Fort, 
Hudſon's Bay, relative to the freezing of nitrous and vitriolic acids, p. 166. 
Account of an experiment to determine the effect of ſalt upon the * of water 
by cold, p. 311. 
Acid, vitriolic, experiments on, p. 177. Its effect | upon the freezing point of water, p. 
305. Nitrous acid, its effect on the freezing point of water, p. 306. Effect of the 
| Muriatic acid in lowering the freezing point of water, p. 307. 
| Hcidity, obſervations and experiments on the principle of, p. 147, 313. 
Aerial Maiflure, devaporation of, p. 49. mY 
Air, frigoriſic, experiments on the mechanical expanſion of, p. 43. Air, ſuſceptible of 
heat, p. 56. Fixed air contains about half its weight of water, p. 152. On the 
.converſion of a mixture of dephlogiſticated and phlogiſticated airs into nitrous acid by 
the electric ſpark, p. 261, Nitrous air contains water, which contributes to the 
formation of fixed air, p. 318, If phlogiſticated and light inflammable air be pre- 
ſented to each other at the inſtant of their ſeparation from ſolid or liquid ſubſtauces, 
and before their particles have receded irom each other, they readily combine and 
Vot. LXXVIII. Nun generate 
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Quade airs, and the formation of volatile alkali, depend chiefly, if not altogether, 
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generate volatile alkali, p. 381. The combination of the phlogiſticated and inflam-- 


on the approximation of the parts of inflammable air, when phlogiſticated air is pre- 
| ſented to them, p. 382. Nitrous air mixed with hepatic air will form volatile alkali, 


p- 394- 
Airs, on the affinities of the phlogiſticated and light inflammable, p. 379. See Air. 


Abany Fort, account of experiments made there, p. 166. 


Alkali, mineral, its effect on the freezing point of water, p. 308. Volatile Aal, 7, Its 
effect on the ſame, p. 309, On the formation of volatile alkali, p. 379. When 
iron, water, and ſulphur, a& upon each other in atmoſpheric air, volatile alkali is- 
formed, p. 384. Volatile alkali formed by mixing nitrous air with hepatic air. p- 384. 

America, South, account of ſome native iron found there, p. 37, 183. 


abs and other Mahometan nations reckon their time by the lunar year, p. 414. 


Atmoſphere, correſpondence of the heat of the, with the height of the barometer, p. 48. 


Attraction of life, p. 29, Its cauſe can never be inveſtigated, p- 38. Study of the 


laws of the attraction of life, or what has been called muſcular motion, of confiderable 
importance, ibid. 


Ain, William, M. D. on the formation of volatile alkali and on the affinities of the- 
phlogiſtieated and light inflammable airs, p. 379. 
Aut borities cited in Mr, Marſden's account of the era of the Mahowetans, p- 425—428,. 


* 


* 


Baillie, Matthew, M. D: on the tranſpoſition of the Viſcera, p. 350. 
Barbery, experiment on the, p. 158. | | 
Barker, Thomas, Eſq. Abſtract of a regiſter of the barometer, thermometer, and 
rain at Lyndon in Rutland; with the rain at Selbourn and Fyfield 1 in Hampſhire, and 
at South Lambeth in Surrey. A ſo ſome account of the annual growth of trees, p. 408. 


| Barometer, ſtate of it at London throughout the year 1787, p. 1992 16. Abſtrat of a 


regiſter of the barometer, thermometer, and rain at Lyndon in Rutland, in 1787, . 
p. 408. oy 


Blagden, Charles, M. D. on the cooling of water below its freezing point, p. 125. On 


the effect of various ſubſtances in lowering the point of congelation in Waters. p · 277+ 
Borax, the effect of, on the freezing point of mer, p- 293» 


C. | 


Cactus Tuna, a kind of Indian fig, an irritable vegetable, p. 161. 


Cavallo Tiberius, Obſervations on ſmall quantities of electricity, p. 1. On the tempera- 


ment of thoſe muſical inſtruments in which the tones, keys, or frets are fixed, p. 238. 
Deſcription 


_ , 
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Deſcription ants electrical inſtrument, p. agg. 


| "Cavendiſh, Henry, Eſq. account of experiments made at Albany Fort, p 166, on the 


converſion of a mixture of dephlogi iſticated and phlogiſticated airs into nitrous acid, by 
the electric ſpark, p. 261. 


Celis, Michael Rubin de, on native iron found 3 in South America, p. 37, 183. 
Centers, on moveable, p. 95. 
| Corollary. If the freezing point of the ſolution of a ſalt in water in any known proportion 
be given, its degree of ſolubility may in general be aſcertained, Oe" by trying the 
greateſt cold it will produce with ſnow, p, 296. 
Corollaries, mathematical, p. 68, 70, 71, 75, 76, 81, 82, 855 85 90, or, den 
Croonian Leclure on muſcular motion, p. 23. 
Cucloo, obſervations on the natural hiſtory of, p. 219. The cuckoo makes choice of the 
neſts of a great variety of ſmall birds, p. 221. A cuckoo chooſes the neſt of a hedge - 
{ſparrow to lay her egg in, p. 223. Two cuckoos and a hedge-ſparrow hatched in the 
_ fame neſt, p. 229. Why, like other birds, the cuckoo does not build a neſt, ineu- 


| bate its eggs, and rear its own young, conſidered, p. 229. Subſtances found in the 
ſtomach of a Cuckoo, p. 235+ 


| DJ. 


Darwin, Eraſmus, M. D. frigorific experiments. See Air. 
Dionæa muſcipula, an irritable vegetable, p. 161. Obſervation on, p. 16 3. 
Diſcoveries, two, made by the moderns, in the ſtructure and phyſiology of the body, 

vi. the circulation of the blood; and the lymphatics, and abſorption of the lymph, 
p- 33 · 


Dover Caſtle, temperatore of the water in the New Wei 1 there, Pe 111. 
Drofera, obſervation on, p. 163. 


Sulctrometer, firſt conſtructed by Mr. John Canton, p. 3. Conical corks in electrometers 
preferable to pith balls, p. 5. Mr. Bennet's electrometer, p. 406. 
Electricity, natural or artificial, methods of manifeſting the preſence, and aſcertaining 
| the quality, of ſmall quantities of, p. 1. Mr. Volta's condenſer of electricity deſcri- 
bed, p. 7. Mr. Bennet's doubler of electricity deſcribed, p. 8. Not an inſtrumeut to 
be depended upon, p. 10, 14. Remarks on the ſubject of electricity in general, p. 17. 
Experiment ſhewing the great length of time that a quantity of electricity will remain 
upon a body, p. 19. The air, or in general any ſubſtance, is a more or leſs perfect 
conductor of electricity, acccording as the electricity which is to paſs through it is 
more or leſs condenſed, p. 20. Brief propoſal of an explanation of the production 
Nnn 2. of 


* -_ * 
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ö of clefrici ty by icon, which is dependent upon the propoſition," vin. that beter 
are always in ſome degree electrified; and alſo upon the principle of the capacity- of 
bodies for holding electric fluid being increaſed by the proximity of other bodies in 
certain circumſtances, p. 21. Deſcription of a new electrical inſtrument, p. 255. 
Deſcription of an inſtrument which produces the two ſtates of — without friction 
or communication with the earth, p. 403. 
Expyriment, proving that the nerves are not employed i in the motions excited 1 by amal 
p- 27. Frigorific experiments on the mechanical expanſion of air, explaining the 
cauſe of the great degree of cold on the ſummits of high mountains, the ſudden.con- 
denſation of aerial vapour, and of the perpetual mutability of atmoſpheric heat, p. 43. 
Experiments on local heat, p. 703. Experiments relating to the variation of local 
| heatin the earth itſelf, p. 110. On the Barbary, p. 158. Experiments on the cool- 
ing of Water below its freezing points, p. 125. Experiment on very hard pump- 
water, which generally congealed one or two degrees ſooner than unboiled diftilled 
water, when placed in a frigorific mixture, p. 127. Various experiments on the 
cooling of water, p. 129, 1 30. Experiments and obſervations relating to the prin- 
ciple of acidity, the  compolition of warer, and phlogiſton, p. 147. Additional ex- 
periments on the ſame, p- 313. Experiment on the Rata chalepenfis, p. 162. Expe- 
riments on ſpirit of nitre, p. 167. Experiments on ſpirit of vitriol, p. 168. 
Experiments on a new electrical inſtrument, p. 258, 2 50. Experiment on the con- 
verſion of a mixture of dephlogiſticated and phlogiſticated airs into nitrous acid, by 
the electric ſpark, p. 261. Experiments on the effect of various ſubſtances in lowering .. 
the point of congelation in water, p. 277. Experiment, proving that nitrous air 
1 contains water, and that this water can contribute to the formation of fixed air, p. 
318. Experiments on liquor produced by burning, in a cloſe copper veſſel, inflam- 
mable air, gat from Iron by means of the ſteam of water, and dephlogiſticated air, 
expelled by heat only, from Minium, p. 320. Experiments on liquor produced by 
burning, in the ſame manner, inflammable air, obtained from Iron by means of the : 
ſteam of water, and dephlogiſticated air, expelled by heat only, from Manganeſe, 
Ibid. Experiments on theſe liquids, made from Minium and Manganeſe, united, p. 
321. Experiments on liquor, produced by burning inflammable air, obtained as 
| before, and dephlogiſticated air from Mercurius precipit. ruber, in a cloſe tinned iron 
veſſel, ibid. Experiments on the formation of yolatile alkali, and on the affinities of 


the phlogiſticated and light inflammabee airs, p. 379. Experiments on the production 
of artificial cold, p. 395» 


F. 


Fig, Indian, Cactus Tuna, a kind of, p. 167. 
Nuid, electric, on the hypotheſis of a ſingle, it is faid, that every ſ ſubſtance i in nature, 
when 
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when not elerified, eontains its proper ſhare of elefric fd, ann 
to its bulk, or to ſome other of its properties; and that this equal or proportionate 
diſtribution of electric fluid takes place with the greateſt part of natural bodies. This, 
however, is not the caſe ; 20 IIIORS, $6 53 

Forces, centripetal, p. 67. 

Fordyce, George, M. D. on muſcular motion, p. 23. 

Franklin, Dr. an obſervation of his concerning the electric fluid in o glaſs p. 121. Proved 

FOTO Pe 122: 


G. 
— Planet. See Planet. 


Glauber's Salt, its effect in lowering the freezing point of water, p. 200. 


Gray. Edward Whitaker, M. D. on the manner in which glaſs 1 is charged with the ele- , 
tric > Seed, an W p- 127. 


Heberden Willam, M. D. a table of the mean ante every month f for ten years in Lon- 

don, from 1763 to 1772 incluſively, p. 66. See Tables. | 

Hedge-ſparrow, the neſt of a, choſen by a cuckoo to lay her egg in, p. 223. An inſtance 
of two cuckoos and a hedge-ſparrow being hatched in the ſame neſt, p- 229. 

Herſebel, William, LL. D. on the Georgian Planet and its ſatellites, p. 364. 

| Hunter, John, M. D. on the heat of wells and ſprings in the iſland of n and. on — 

2 temperature of che earth, f 53. See Obſervations. - 


L : 
Le of ſolutions of nitre, very different from common ice, p. 233. 
Fenner, Edward, Eſq. on the natural hiſtory of the cuckoo, p- 21%. 
Infirament, deſcription of a new electrical, capable of collecting together a fuſed. or 
u ttle condenſed quantity of electricity, p- 255- Deſcription of an inſtrument which, 
by the turning of a winch, produces the two ſtates of electricity without friction or 
communication with the earth, p. 403. 
Infiruments, muſical, of the temperament of, p. 238. See Mufical 6 . 
tron, native, found in South-America, p. 37, 183. 


= 
 Keir, James, Eſq. letter to Joſeph Prieſtley, LL. D. p. 323. See Letter. 


King flon, in Jamaica, ſupplied with water from wells, p. 58. The temperature of the 


air at Kingſton admits but of ſmall variation, p. 59 
. | Letter 


— 


Letter from Dr. Witeriog to „n Priefiley, I 1. L b. nia to the principle 1 N 
dity, the decompoſition of water, and phlogiſton, p. 319. Another from James Keir, 
'Efq. to the ſame, on the ſame ſubject, p. 323. A letter from Richard Walker, to 
Henry Cavendiſh, Eſq. on the production of artificial cold, p. 305. Extract from a 


| ſecond letter from Mr. Walker to Henry Cavendiſh Eſꝗ · on the lame luljed, P+ 402» 
Life, attraction of, p. 29. See Attraction of life, 


: Lafus Natare, ſingular, deſcribed, p. 362. 


- * 7 
0 0 „ 


Mahometans, | on the era of the, p. 414. The Fo OP or practical — of the Maho 

metans, p. 418. The political or chronological mode of rec koning among them, ibid. 

Upon the political or chronological mode of computation on which the Turkifh, 

Mooriſh, and every ſyſtematic Mahometan calendar are . * 419 

Mangane/es See Experiments. 805 

Marſden, William, Eſq. on the era of the Mahowetans, called the hejerd, p- 414. 

Medicago falcata, obſervations on, p. 162. 

Medicine, in the hands of the Greek phyſicians from the time of Hippocrates, or rather 
from the deſtruction of the . —— by Cambyſes, down to the time of the 
Cruſades, p. 33 

Meteorological Journal for the year 1787 kept at the apartments of the Royal Sociery, 5 


191. See Tables, Explanation of the inſtruments with which the meteorological ob- N 
ſervations were made, p. 217. 


Mimoſa ſenfitiva and pudica, irritable vegetables, p- 1 67. . 

Minium. See Exper iments. 

Mixture, powerful frigorific, p. 395» Prigorific | mixtures recommended, eſpecially i in 
hot climates, p. 398, 399. : 

Ane, William. See Sur viworſbips. | 

Motions, all original, are by their nature perfectly unintelligible as to their cauſe, p. 35. 

Mountains, coldneſs of the ſummits of, p. 47. 

Muriatic acid, its effect on the freezing point of water, p. 307. 

Muſcular motion, Croonian lecture on, p. 23. 


 Mufical 1: feruments, of the temperament of thoſe in which the tones, keys, or frets, are 
fixed, as in the harpſichord, organ, guittar, &c. p. 238. 
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Native Ion, account of a maſs of, found in Soutk-Ametka; p. 37, 183. 
Nicholfon, William, on an inſtrument which, by the turning of a winch, produces the 
two ſtates of electri city without friction or communication with the earth, p- 403. 

Mitre, ſpirit of, ſubject to aqueous and ſpirituous congelation, p. 166. The effect of 
nitre in lowering the freezing point of water, p. 28 1. The ice of ſolutions of nitre 
very different from common ice, p. 283. Nitre and common ſalt, the effect of a 

compound ſolution of, in lowering the freezing point, p. 299. 

Nitrous acid, its effect on the freezing point of water, p. 306 

Numbers, On ſome properties of the ſum of the diviſors of, p. 388. 


0. 


Olferwations on motion in general, p- 23- On the heat of wells and ſprings in the iſland 
of Jamaica, and on the temperature of the earth below the ſurface in different climates, 
p- 53. Obſervations made at Brighthelmſtone, with a view to aſcertain the tempera-- 
ture of the ſea as a bath, p. 64. On the. manner in which glaſs is charged with the 

electric fluid, and diſcharged, p. 121. Obſervations and experiments relating to the 

principle of acidity, the compoſition of water, and phlogiſton, p. 147, 313. Ob- 

ſervations on the irritability of vegetables, p- 158. Obſervations on the natural be 
of the cuckoo, p. 219. 


P. 

Parictaria, obſervations on the, p. 162. 

Parnaſſia, obſervation on the, p. 163. 

_ Phlogiſton, experiments and obſervations on, p. 147, 313. 

Planet, on the Georgian, and its ſatellites, p. 364. The light of the ſatellites of this 
planet is, on account of their great diſtance, uncommonly faint, p. 376. The ſecond 
ſatellite brighter than the firſt, but the difference not conſiderable, ibid. The ſitua- 
tions of the orbits of theſe ſatellites do not materially differ, p. 378, They will be 
eclipſed about the years 1799 and 1818, ibid, 3 not leſs than thoſe of - 
Jupiter, ibid. 

Platina, duſt of, mixed with gold, found in the kingdom of Santa Fe de Bogota, p. 452. 
188. 

Prigſtiiy, Joſeph, LL. D. on the principle of dei, tne 3 of water, and 
Phlogiſton, p. 147, 313. 
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11 . to determine the probabilities of farvivortiip 5 
between them from any table of obſervations, p. 332. 1 
E * two perſons be given, to determine, from any table of obſervations 755 

| the preſent value of the ſum payable on the contingency of n ——_— 

the other, p. 341. 
The ages of two perſons being giveo, to determine the value of the fam W 
bs | on the extinction of one life in particular, ſhould that happen after the extinc- 
oo tion of the other lite, p. 347. 

4 | Propoſition, matheinatical, p. 67, 68, 70, 72, 74s 28, 77» By, 87, 93. 95» 96, 98. 
« Pure Iron, a maſs of, in the ſhape of a tree with its branches, — South- Ame- 
rica, p- 41, 187. | | 


* 


«Puerta, ſtones of, found in South-America, P- 41, 187. 


R, 


Kais at Lyndon i in Rutland, at Sabor and bent in Hampthire, and at South Lame 
| beth in Surrey, in 1787, p. 408. 
| Refrigeration, x remarkable one at Glaſgow, which Mr. Wilſon Feed to take place | 
on the ſurface of the ſnow and hoar-froſt, p. 103. 
Roc belle Salt, its effect in lowering the freezing poĩnt of water, p. 1 . ſolnu- 
tion of Rochelle falt, « common falt, and Sal Ammoniac, its effect in producing cold, 
p- 302. 
; — common, obſervations « on, p. PL 163. | 
both, * on, * 162, Obſervation on, p. 163. 


. 


-$al Ammoniac, its effect in lowering the freezing point of water, p. 286. Sal eatharticus 
amarus, its effect in producing cold, p. 291. 
«Bal Ammoniac and common Salt, their effect in lowering the freezing point of water, p- 


25 
the freezing pions of water, p. 279. Salt of tartar; 
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n PREY on the freezing point of water, p. 307. See Clauber”s dal, Richelle Salt, 
Santa Fe de Bogota, duſt of platina, mixed with | gold, found at, p. 41. 188. 
'Saxifraga, obſervation on, p. 163. 
Sberrngſt, temperature of the water in the King's Well there, p. 111. 
Six, James, Eſq. on local heat, p. 103. 
Smith, Edward James, M. D. on the irritability of l 6 p. 1 "4 
park, electric, decompoſes hepatic air, and leaves a quantity of inflammable air equal in 
bulk to the hepatic air eggs nearly, p. 38 5. 
Springs, in Jamaica, p. 60. | 
Stomach of a cuckoo, ſubſtances found in, p. 235. 
 Gurviverſhips, on the probabilities of, between two perſons of any given apes, and the 
-method of TN the values of — depending « on 2 — p- 


3 


T. 


Tables. 
— table of the mean heat of every I month for ten years in London from 1763 to 
1972 incluſively, p. 66. 
Tables, containing obſervations on the wind and weather, p. 113—120. 
Table, containing the reſult of Mr. M“ Nab's . on the nitrous acid, 
p. 169. 
Meteorological Journal for the year 1787, kept at the apartments of the Royal So- 
ciety, for January, p. 192, 193. February, p. 194, 195. March, p. 196, 
197. April, p. 198, 199. May, p. 200, 201. June, p. 202, 203. July. 
p. 204, 205. Avguſt, p. 206, 207. September, p-. 208, 209. October, 
p. 210, 211. November, p. 212, 213. December, p. 214, 215. Greateſt, 
leaſt, and mean heights of the thermometer without and within, and of the 
barometer ; alſo obſervations of the quantities of rain, during the foregoing 
months, p. 216. 
Table of octaves and fifths, p. 1 
Table, ſhewing the probabilities of ſurvivorſhip between two perſons of all ages, 
whoſe common difference of age is not leſs than ten years, p. 337. 
Table, ſhewing the value of 100/. computed at 3/, per cent. by the Northampton 
Table of obſervations payable on the death of the younger perſon, if the elder 
ſurvives him, p. 344» | 25 
Table, ſpewing the value of 100/, computed at 5/, per cent. by the Northampton 
Vorl. LXXVII. — 2 Table 
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"ak ' Table, payable ith death of th younger perſon, if the elder lune him, 


P 34. 
Table, ſhewing the ſos of 1000 payable on the death of the younger th. 


if the elder ſurvives him, according to the Sweden Table of Obſervations; 
calculated at 4. per cent. p. 345. 


Table, relating to the Georgian Planet, p. 371, 
Of the annual growth of Oak, Aſh, and Elin trees, p. 410, 41 1. | 
Table of the number of days in two ſueceſſire Mahometan years (623, 624), p. 421 1. 
Table exhibiting the correſpondence of the years of the Hejerà with thoſe of the 
Chbriſtian era, p. 428—431. 
Table containing the compariſon of the commencement of thirty ſucceſſive Maho- 
. metan years, with the ſame number of Gregorian years n to the diviſion 
of the cycle, and appearance of the new moon, p. 4 * 
Tarter, ſalt of, its effect on the freezing point of water, p. 307. 
Thermometer, ſtate of it at London throughout the year 1787, p. 192—2 16. See Baro- 
neter. 
Titlark, frequently ſeleied by the cuckoo to take charge of i Its young one, p. 223. 
Trees, ſome account of the annual yus of, p. _ 


* 


— 

Fegetables, irritability of, ſome obſervations on, p. 198. 

Viſcera, account of a remarkable tranſpoſition of the, p. 3 50. 

Viiriol, Green, the effect of, in lowering the freezing point of w ater, p- 292. 


Viirid, White, its effect on the ſame, p. 293. 
. Furiolic acid, its effect upon the ficezing point of water, p. 30 "> 


W. 


Waller, Richard, on the production of artificial cold, p. 395. 


Waring, Edward, M. D. on centripetal forces, p. 67. On ſome properties of the ſum 


of the diviſors of numbers, p. 388. 


Water, boiled, freezes ſooner than unboiled, p. 128, Oil ſpread over the ſurface of 
water prevents it from freezing, when other water, expoſed in a ſimilar manner, has 
had a cruſt of ice formed upon it, p. 136. Water in freezing undergoes a conſider- 
able expanſion, p. 142. Obſervations and experiments on the compoſition of water, 
p. 147, 313. Water conſiſt» of two kinds of air, dephlogiſticated and inflammable, 
Pe 147. Experiments on the effect of various ſubſtances in lowering the point of 


2 congelation 


[ 453 ] 


congelation in water, p. 277. When pure water is cooled, below its freezing point 
the leaſt particle of ice or ſnow brought in contact with it cauſes an — congelation, 
p · 293. 
' Water-wagtail's neſt choſen by a cuckoo to lay her egg in, p. 22 3. 
Wine, Spirit of, its effect on the freezing point of water, p. 30g. 
Withering, Dr. letter to Dr. Prieſtley, p. 319+ See Letter. 
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